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Most conventional methods of energy production are contributing to serious 
environmental problems and, therefore; cleaner energy resources are increasingly 
needed. Renewable energies are those clean energy resources which are renewed by the 
nature again and again and their supply is not affected by rate of consumption. Wave 
power technology has been around for nearly thirty years and is considered as a serious 
competitor among the renewable energies. During this period many wave energy 
devices have been invented and used, and some are only proposed.  
The present work introduces one of such energy conversion devices. The main 
theme of the present prototype is based on converting the kinetic and potential energies, 
that exist in moving sea waves, into potential energy as the water is stored in an 
elevated reservoir. The stored water can then be fed through a turbine (and a generator) 
to generate electricity.  
Based on assumed electrical-power requirement (1.5 kWh per day) and available 
conditions, the present model was designed, analyzed, fabricated, and finally tested on 
Gaza shoreline for few days. Several modifications were introduced whenever needed. 
These modifications were adopted according to results obtained during three different 
experimental phases.  
The present device produced average filling rates, at 15-m head, that would 
generate about 55% of the assumed power with a device efficiency of 85.7%. The preset 
study, also, indicated that short and wide pistons should be used in similar applications. 
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  Wave length                              
a Wave amplitude   
H Wave height  
c Wave  velocity                                                  
T Period of wave                                            
f Frequency of wave                                                                
D Wave density  
W Wave width  
A Wave area    
SWL Sea water level     
CR Crest of wave 
TR Trough of wave 
h Sea water depth          
Ep The total potential energy in the wave over one period 
Ek The total kinetic energy in the wave over one period 
FD Drag force 
CD Coefficient of drag 
A Projected cross sectional area in the direction of flow 
u Maximum horizontal water particle velocity. 
CI Coefficient of inertia 
Vol. Volume of the submerged object 
xa  Horizontal acceleration of sea waves.  
OWC Oscillating Water Column  
TAPCHAN Tapered Channel Device    
OSPREY Ocean Swell Powered Renewable Energy 
WEC Wave Energy Converter  
IPS  Inter Project Service 
CES Combined Energy System  




OMI Ocean Motion International  
MRC Multi Resonant Chambers 
PSP Pneumatically Stabilized Platform 
Ee The annual electrical energy delivered            
Qr The annual useful water in the reservoir   
g Acceleration due to gravity  
H* Effective pressure head of water across the turbine  
t  Hydraulic efficiency of the turbine  
g  Hydraulic efficiency of the generator  
P Internal pressure at inside bottom of piston      
Ap Piston cross sectional area of piston   
Dp Piston diameter                      
Fp Compression force on piston  
md Dipping arm mass  
mm Main arm mass  
mf Floater mass  
Ld Dipping arm length  
Lm Main arm length  
Pf Exerting buoyancy force on floater  
Vf Submerge volume of floater  
Lf Floater base side   
Af Floater base area                
hf Submerge depth of floater  
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It is estimated that the world energy consumption will rise considerably over the 
next decades [1]. Being constantly reminded that traditional methods of energy 
production are contributing to serious environmental problems; cleaner energy 
resources are increasingly needed; called renewable energies [2]. Renewable energies 
are those energy resources which are renewed by the nature again and again and their 
supply is not affected by rate of consumption (i.e.; wind energy, solar energy, 
geothermal energy, ocean wave, hydro energy, etc.) [3].  
In the continuing development of the renewable energy industry, a wave energy 
industry is rising. Although the technology is relatively new and currently not 
economically competitive with more matured technologies such as wind energy, the 
interest from governments and industry is steadily increasing [1]. An important feature 
of sea waves is their high energy density, which is the highest among the renewable 
energy sources [2]. 
The intensive research and development study of wave energy conversion began 
after the dramatic increase in oil prices in 1973 [2]. Different European countries with 
exploitable wave power resources considered wave energy as a possible source of 
power supply and introduced support measures and related programs for wave energy. 
Several research programs with government and private support started henceforth, 
mainly in Denmark, Ireland, Norway, Portugal, Sweden, China, India, Japan , Australia, 
Canada, Russia, USA and the United Kingdom, aiming at developing industrially 
exploitable wave power conversion technologies in the medium and long term [3]. 
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1.2  Research Definition 
A specially wave-energy conversion device will be designed, built, and tested to 
utilize the free dynamic and potential energies in sea waves by lifting sea water upward 
to a suitable head. This water is then stored in an elevated reservoir, which may later be 
fed through a turbine (and a generator) to produce a specific amount of electricity. 
The main components of this conversion device are: 
 Main arm. 
 Dipping arm. 
 Hydraulic piston. 
 Floater, base, valves, fixtures and accessories. 
Average filling rate (water pumped and lifted), pressure head, piston stroke, and 
device efficiency will be experimentally determined. A 3-D schematic of the proposed 
model is shown in (Fig. 1.1). 
   
Figure 1.1: A 3-D schematic of the proposed model. 
It should be noted that the proposed device is a part of a typical hydro energy 
system which consists of three major parts complementing each other: 
a) A wave energy-conversion device to lift a specific amount of sea water to an 
elevated tank within a specific interval of time.  
b) An elevated sea water reservoir used to store the lifted sea water as potential 
hydro energy.  
c) Hydro-Electric power plant that consists of turbine and generator and it is 
located at the lower level of the elevated tank.  
1.3  Motivations 
There is no doubt that Gaza strip is suffering a severe siege for the last 3years 
(since 2006). This siege includes the most important elements of life: food, water, 
freedom to move, medical treatment, and electricity. 
  
Gazas power supply comes from three sources. Gaza receives 17 megawatts 
from Egypt, 108 megawatts from Israel and 55 megawatts generated by a local power 
plant in Gaza. This amounts to 180 megawatts, or 75 % of its estimated demand of 240 
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Recently, the majority of Gazan households have power cuts of at least eight 
hours per day. Some have no electricity for as long as 12 hours a day. 
Power cuts place immense pressure on Gazas crumbling electrical grid 
impacting water and sanitation infrastructure, disrupting healthcare delivery and adding 
misery to the lives of civilians, as Gazans will continue to bear the brunt of the 
reduction of power. 
Currently hospitals and the Coastal Municipalities Water Utility (CMWU) rely 
on emergency generators to maintain normal services. More worsely, when Israel 
suspended fuel supplies, both services ran low on diesel and had to limit their operations 
[4]. Hospitals turned away patients and in some cases relatives had to bring in food to 
feed patients. 
A limited and diminishing supply of electricity to the Gaza Strip is placing ever 
increasing pressure on the delivery of basic services in health, education, water and 
sanitation to a growing Palestinian population. The current restrictions on the supply of 
fuel and the continuing ban on imports of spare parts and machinery exacerbates an 
already precarious network for the provision of these basic services and will lead, 
inevitably, to further decline in the standard of living for the residents of the Gaza Strip. 
Therefore, the above discussion presents enough reason for any patriot engineer 
to look for other energy-generating alternative. 
1.4  Research Objectives and Methodology 
The overall goal of this research is to build and test an energy conversion device 
which will convert the kinetic and potential energies of the moving sea waves into a 
potential energy to be stored in an elevated reservoir.  
 
The following steps underline the methodology of achieving the objectives of the 
present research: 
1. Review existing models of wave-energy conversion devices that are being used 
or proposed. Then determine the most appropriate model (combination of 
models) that is usable at Gaza Sea.  
2. Search and locate a suitable site for experimentation.  
3. Conduct primitive experiments to measure the speed of waves to calculate 
parameters needed in the design of the device. 
4. Design, build and test the conversion device at the manufacturing workshop. 
5. Conduct on-shore experiments taking the following measurements: filling rate, 
pressure heads, and piston strokes. Measurements will be taken at different time 
intervals during the day and, of course, for several days. 
6. Modifications will be made whenever needed to improve the performance of the 
device. 
7. Carry out analyses and calculations to estimate the practical value of the device 
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1.5  Scope of the Present Investigation 
This thesis consists of seven chapters arranged carefully in a clear order. This 
section presents a brief description of these chapters. 
In chapter 1, the growing problem of power cut in Gaza Strip is first discussed. 
Then objectives of the research, motivation and methodology of research are 
introduced. 
In chapter 2, general background about Energy is given. This background 
involves energy technology, ocean energy, renewable and conversion energy, ocean 
wave energy conversion, ocean energy information and the parameter of ocean energy. 
Also, the ocean energy conversion technology and ocean wave theory are described. 
A general overview of relevant previous research concerning the use of ocean 
energy as renewable energy is introduced in chapter 3. Worldwide wave-energy 
conversion devices used (or proposed) to produce electricity also described. 
Chapter 4 outlines the analysis and design of different components of the present 
proposed device. Materials used, fabrication, and tests at workshop are also discussed. 
Chapter 5 describes the experiments conducted at site on Gaza shoreline. Also, 
different measurements and videos are recorded for different configurations and time 
interval for several days. 
Recorded readings and measurements are analyzed in chapter 6. Also, specific 
data manipulations are introduced. 
Finally, obstacles, conclusions, and recommendations for future work are 
discussed in chapter 7. 
Appendix A presents a brief and jagged dynamic analysis of motion for the 
different components to check the kinematics of the components as well as the whole 
device.     
Appendix B presents a brief and jagged strength analysis for both main and 
dipping arms using maximum forces obtained in Appendix A. 
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2.1  Introduction 
In the following sections some basic definitions and concepts, that are usually 
associated with energy, are introduced [1]. 
2.2  Energy and Energy Technology 
Energy is the cause behind motion of particles or objects. Energy is the 
capability to produce motion, force, work, change in shape, change in form, etc. In other 
words, energy is capability to perform work [1].  
Energy exists in many forms such as chemical energy, nuclear energy, solar 
energy, electrical energy, mechanical energy, thermal energy, bio-energy in vegetables 
and animals' bodies, etc. 
Energy Technologies deal with processes and conversions from energy form to 
another to have useful energy. This includes exploration, transportation, conversion, 
utilization, and power management.  
2.3  Law of Conversion of Energy    
"Energy cannot be newly created. Energy cannot be destroyed. In a closed 
system the total energy remains unchanged. In a closed system energy is conserved" [1]. 
This law neglects the "losses" from the closed system into the environment. So, 
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2.4  Some Well Known Forms of Energy  
2.4.1  Mechanical energy, Work and power 
Mechanical energy is often used to move objects; change shape of objects. Also, 
it can be used for transportation, handling, processing, agriculture, industry, etc. [1] 
2.4.2  Electrical Energy 
Electrical generator usually produces electrical energy from mechanical energy. 
Electrical energy has unique capabilities with regards to fast instantaneous and easy 
transmission, distribution, automatic and effective control of large power in MW range, 
as well as low power in MW range. Over 30% energy distribution in the world is 
through electrical energy supply system.  
2.4.3  Chemical Energy and Fuels 
Various fuels and organic matter obtained from nature or from chemical 
processes contain chemical energy. Chemical energy can be converted into thermal 
energy by chemical reactions and by combustion. It can be converted into electrical 
energy in fuel cells, and storage batteries. Chemical energy is an intermediate energy 
between the primary energy source and final usable energy. 
2.4.4  Nuclear Energy 
Energy in atomic nuclei of Uranium and Thorium is released in the form of heat 
by "nuclear fission chain reaction ". Nuclear energy contributes about 10% of worlds 
electrical energy needs. 
2.4.5  Hydro Energy 
Here water flows from higher level to lower level to drive turbine rotor and give 
mechanical energy. Hydro-turbine drives a generator rotor and the generator produces 
electrical energy. About 8% of worlds electrical energy needs are from hydro electric 
power plants. 
2.4.6  Renewable and Conventional Energies  
Renewable are those energy resources which are renewed by the nature again 
and again and their supply is not affected by rate of consumption. Wind energy, solar 
energy, geothermal energy, ocean wave, hydro energy, and bio-mass energy are some 
examples of renewable energies. Renewable energy sources cannot be stored in original 
nature al form. Renewable energy is converted continuously to another energy form and 
utilized without long term intermediate storage, see Table 2.1 for comparison of 
different renewable energies.. 


















Fossil No Yes No No Yes No No 
Nuclear No Yes No No Yes No No 
Wind Yes No Yes Yes No No Yes 
Solar Yes No Yes Yes No No Yes 
Hydro Yes Yes Yes No Yes No  
Wave Yes No Yes Yes No Yes Yes 
Marine 
Current 
Yes No Yes Yes Yes Yes Yes 
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Table 2.2 shows a brief but strong comparison between nonrenewable 
(conventional) and renewable energies. 
Table 2.2: Comparisons between conventional & renewable energy. 





Technologies Established Commercially weak 
Plant size Large (MW range) Small (KW range) 
Main Power Plants Suitable Not sufficient 
Energy density of source High Low 
Pollution problems More Less 
Energy reserves Limited Renewable 
Storage Easy Uneconomical 
Cost of generation Low High 
    
2.5  Energy Role 
        Present contribution of renewable in the world is less than 2% (excluding 
Hydro). This is likely to increase to about 10% by 2015 AD and to about 15% by 2025 
AD [1]. The demand (Load) for energy is rising rapidly with growing population and 
industrialization as shown in Fig. 2.1 (note: Ej = exajoule = 1018 joule ).  
 
 
Figure 2.1: The increase in energy demands. 
During past several decades, the energy demand of the world has continued to 
increase at an annual growth rate of 3 to 4%, which means that the worlds need other 
useful and non-conventional energy resources.  
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2.6  Ocean Energy Technologies  
2.6.1  Introduction 
Being huge reservoirs, the oceans are useful and Renewable Energy Resources. 
Oceans are great collector of salt water that covers approximately 70% of earth's surface 
[1]. World total estimated ocean energy reserves are about 130×106 MW [5]. 
Considering rapidly diminishing fossil fuel sources, the ocean energy is likely to 
gain a significant importance during the coming decades [6].The interest in ocean 
energy has been revived after the energy crisis of 1973. 
"It has been estimated that if less than 0.1% of the renewable energy 
available within the oceans could be converted into electricity it would satisfy the 
present world demand for energy more than five times over." [7]  
2.6.2  Advantages and Limitations of Ocean Energy 
1) Advantages and Merits of Ocean Energy  
 Renewable energy available in very large quantities in many parts of the 
world [1]. 
 Continuous supply and free of cost. 
 Technologies have been developed successfully and economically during 
1980s. 
 Considering depleting fossil fuel and increasing cost of fossil fuels, ocean 
energy resources provides available alternative [7]. 
 Relative high energy density and power density compared to solar and wind. 
(Atypical 1 m wave  from sea level   with 6 sec. period has energy density 
of about 5000 J/
2m  and power density of about 800 W/
2m ) 
 Lesser energy storage to produce electrical energy [6]. 
2) Limitations and Demerits of Ocean Energy  
 Irregularity in wave amplitude, phase and direction; it is difficult to obtain 
maximum efficiency of a device over the entire range of excitation 
frequencies [1]. 
 The tremendous seasonal and daily variations in usable power. The amount 
of available wave power seems to depend on the fifth power of the wind 
speed. If the winds in a given region of the ocean vary by a factor of 5 from 
day to day, the wave power may vary by a factor of 3000 [5]. 
 Difficulties associated with construction on shore or in ocean, cost, erosion 
of land, corrosion of materials and obstruction to ships. 
 Ocean energy  resources are intermittent [7]. 
 Ocean energy plants require costly civil works, costly special materials to 
avoid corrosion from water, costly transmission of generated power from 
off-shore energy conversion plant to the grid.  
 Large water must be circulated through the energy conversion plant to 
extract the energy. This requires a large plant. 
 Presently, the cost of electricity from ocean energy plants is not competitive 
[6]. 
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2.6.3  Ocean Energy Conversion Technologies: 
   The ocean energy conversion technologies, being developed, include: [1]   
- Ocean Tidal Energy 
- Ocean Thermal Energy 
- Ocean Biomass energy 
- Ocean Chemical Energy 
- Ocean Salinity Energy 
- Ocean Wind energy 
- Ocean Wave Energy 
 
1) Ocean Tidal Energy 
It refers to the hydro energy in ocean tides. Tide Generating Forces are a result 
of the gravitational attraction between the earth, the sun and the moon. The total power 
of ocean tidal over the world is about 200,000 MW and the present use is about 250 
MW. The level of the ocean water rises periodically during high tide and drops during 
low tide. The difference head of water during high and low tides is used for rotating 
hydro turbine-generator, and then electrical energy is obtained. 
2) Ocean Thermal Energy 
It refers to the thermal energy acquired by the ocean water from solar radiation. 
The warm water from upper levels of ocean (at about 25o C) is pumped through heat 
exchangers. Thermal energy is extracted and converted to electrical energy by steam 
turbine generator or vapor turbine generator .Cold water from the bottom of the sea (at 
about 10o C) is used for condenser.  
3) Ocean Biomass Energy 
These are vegetation, animals, and micro organisms, algae, etc..; in the oceans or 
seas. Biogas is a gaseous fuel obtained from biomass by the process of anaerobic 
digestion (Fermentation). 
4) Ocean Chemical Energy 
It refers to the chemical energy in ocean water. Ocean water contains sodium, 
chloride, hydrogen, oxygen, iodine, etc. Ocean chemical energy is converted by 
photochemical processes (fuel cells) or photo biological conversion processes. These 
processes produce hydrogen and nitrogen which are used as fuels and oxidants in  fuel 
cells. Electrical energy is obtained from fuel cells.   
5) Ocean Salinity Gradient Energy  
It's a type of chemical energy. The salinity of ocean water differs from that of 
river water. The difference in salinity can be used for generating electrical energy 
directly from ocean water. This technology is based on osmosis. When saline water is 
separated from fresh water by a charged semi permeable membrane, electruc potential is 
developed between the electrodes    
6) Ocean Wind Energy 
It refers to off shore wind energy resources over oceans. 
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7) Ocean Wave Energy   
It refers to the waves of the water from ocean to the shore. Unequal heating and 
cooling of ground surfaces and ocean surfaces during the day and night generates 
winds, and winds blowing over water generate waves. In other words, during the day 
the sun heats up the land, water, and air. Warmer air over land rises upwards and colder 
air from ocean (seas) flows toward wormer zones.  
Sea waves have one of the highest energy densities of all renewable energy 
sources. The total power of ocean waves over the world is estimated to be 1-10 TW or 
8000-80,000 TWh/y, and the present use is negligible [8], see Fig. 2.2.  
 
Figure 2.2: Global wave power distribution in kW/m2. 
 
Ocean wave machine is rotated by wave energy and then drives a generator or 
pumps water to the reservoir at higher level. Thus, wave machines converts' ocean 
energy to mechanical energy and then the plant converts the energy to electrical energy. 
2.7  Ocean Wave Energy Conversion: 
To understand the ocean wave energy technology we introduce the following 
concepts [8]. 
2.7.1  Waves 
Waves are a response to a generating forces, for examples; wind, gravitational 
pull from the sun and moon, changes in atmospheric pressure, earthquakes, and 
explosives, unequal heating, and so on. Sea waves created by wind are the most 
common waves. 
2.7.2  Sea Wave Generation 
As the wind blows across the water surface air molecules from the wind interact 
with the water molecules they touch. This force between the air and water stretches the 
water's surface, resulting in small ripples, known as capillary waves. Capillary waves 
create more water surface increasing the friction between water and wind, see (Fig. 2.3). 
This adds more energy, which increases the size of waves, making them larger and 
larger. When the winds slow down or stop, the waves continue their journey, gradually 
but very slowly losing their energy. Waves may travel thousands of kilometers before 
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rolling ashore. This predictability of waves is one of the advantages of wave energy as a 
renewable energy source. 
 
Figure 2.3: Sea waves formation due to a storm. 
 
2.7.3  Energy from Waves 
    Ocean waves are as mentioned above essential movement of energy. Waves 
consist of two kinds of energy (see Fig. 2.4): 
1) The individual water molecules are moving steadily and rather slowly in circular way, 
and this energy (kinetic energy) can be utilized in different kinds of wave energy 
converters, either directly via some kind of propeller or indirectly by Oscillating 
Water Columns wave energy converters. 
2) In its circular movement the individual water molecules are elevated above the still-
water line and thus represent a potential energy. 
 
 
Figure 2.4: Propagation of sea waves. 
 
2.7.4  Types of Waves 
1) Surface Waves  
This type of waves occurs at the interface between any two bodies of fluid  
air/ocean. 
2) Internal Waves 
This type of waves occurs at the interface between two layers of ocean water of 
differing densities. 
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2.7.5  Moving of Ocean Energy 
An ocean wave in deep water appears to be a massive moving object- a crest of 
water traveling across the sea surface [8]. But to understand wave energy it is important to 
realize that this is not the case. An ocean wave is the movement of energy, but the water is 
not moving: 
- An ocean wave is a pattern of rising and falling water level that is transmitted 
along the sea surface. 
- Ocean waves transmit energy away from an initial disturbance without the 
physical transport of water. Water is not being transported; energy is being 
transported. 
- The patterns of rising and falling water observe in the ocean surface are complex 
and ever changing. However, these patterns can be investigated by studying ideal 
waves. 
 
2.7.6  Parameters and Equations of Wave Energy 
To simplify analysis, an ocean wave is assumed to be an idealized sinusoidal wave 
having the parameters described below (see Fig. 2.6) [1]. 
    
 
                                         Figure 2.5: The Waves Shape.                                                                      
Symbols and Relationships  
        =        Wavelength                                     m         
a         =       Amplitude= ½  H                       m  
H        =     Height  =  2 a                                          m 
 c        =      wave  velocity                                                  m/ s   
 g        =       acceleration  due to gravity                           m/ 2s  
T         =     Period of the Wave                                           s 
 f          =    Frequency of the Wave = 
T
1
                           Hz                                                               
 D        =    Density if Ocean Water=1025                        kg/ 3m  
W         =   Width of the Wave         m  
 A         =    Area   =   W ×                                             2m  
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SWL     =     sea water level     
CR        =    Crest of the Wave 
TR          =  Trough of the Wave 
h            =   Water depth          m 
The following relationships are usually considered when studying ocean waves:   
Wave velocity,  c    =        
T

       m/s      (2.1.a)    
Wave length,       =        f
c
     m                                        
Wavelength and period relations, 
      =
2
g 2T  = 1.56  2T     m   (2.2) 
and               
c     =   1.56 T              m/s                      (2.1.b)     
The total potential energy in the wave over one period 
pE   = ¼ D 
2a    W g                        J          (2.3.a)     
The total kinetic energy in the wave over one period 
kE   = ¼ D 
2a    W g                           J                  (2.3.b)              
Total Energy in the wave over one period  =  pE  +  kE   
                                 =   ½ D  2a   W g            J             (2.3.c) 
Power in the Wave         =   
T
E
  =   E   f                       W                          
                                   =   ½ D  2a   W g   f          W                (2.4) 
Energy density     =   
A
E
    
                            =   ½ D  2a   g                        J/ 2m              (2.5) 
Power density      =   
A
P
    
                             =   ½ D  2a   g   f                   W/ 2m              (2.6) 
Equation (2.6) shows that the power available in the wave is proportional to the 
square of the wave height and to the wave period. 
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2.7.7  Wave Forces on Structures 
The force exerted on a fixed vertical cylindrical pile by surface waves was first 
considered by Morison (1950) under the restriction that the diameter of the pile is small 
in comparison with the length of the waves encountered, say 1/10 or less, so that the 
distortion of the waves by the pile is negligible [9].  
1) Drag Force 
The drag force is the predominate wave induced force on a submerged object in 
shallow water. The drag force is calculated using the classic drag equation. 




AuCF DD                                          (2.7) 
Where, 
DF = drag force, 
CD = coefficient of drag, 
  = density of sea water, 
A = projected cross sectional area as seen from the direction of flow, 
u = maximum horizontal water particle velocity. 
For shallow water wave velocity can be calculated from the following equation: 
                                                u = gh                                                  (2.8) 
2) Inertia Force 
The inertia force is the force imparted on the submerged object by the 
acceleration of the fluid past the object.   
 
                                                             aVolCF II                              (2.9) 
 
Where,  
          IC = coefficient of inertia, 
             = density of sea water, 
         Vol = volume of the submerged object, 
           a   = water particle acceleration.   
The horizontal water particle acceleration(a) is calculated using the following equation:                                      







                                           (2.10) 
 
Communing equations (2.7) and (2.9) then the total wave force F per unit length 
(known as the Morison equation) may be expressed as 
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                                       (2.11) 
where, 
 DC  = drag coefficients ,   
 IC  =  inertia coefficients,  
  ñ   = sea water density,  
 xa  = horizontal acceleration of sea waves.  
 
The first term on the right-hand side of this equation is referred to as the drag 
term and is seen to be proportional to the square of the water velocity, the absolute 
value sign being used to ensure that the sign of the drag component will coincide with 
that of the velocity. The second term is referred to as the inertia term and is seen to be 
proportional to the water acceleration. 
In engineering practice it is common to assume dC  and IC as constant, with 
values of the drag coefficient chosen within the range 0.6 to 1.0 and values of the inertia 
coefficient chosen within the range 1.5 to 2.0 (API, 1980). In the following we give a 
modified equation that will used to calculate the two term of wave forces (drag and 
inertia term). 
2.7.8  Wave Classification 
It is often convenient to classify waves as deep, intermediate (transitional), or 
shallow [1]. We do this since deep and shallow waves exhibit quite different 
prosperities. In the way water motion and (energy) is attenuated with depth [9]. The 
wave speed depends on wave period (or frequency), see Table 2.3. 
Table 2.3: Wave classification. 
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2.8  Why Ocean Wave Energy   
1. Because waves originate from storms far out to sea and can travel long distances 
without significant energy loss, power produced from them is much steadier and 
more predictable, both day to day and season to season. This reduces project risk 
[1]. 
2. Wave energy contains roughly 1000 times the kinetic energy of wind, allowing 
much smaller and less conspicuous devices to produce the same amount of 
power in a fraction of the space .  
3. Unlike wind and solar power, power from ocean waves continues to be produced 
around the clock, whereas wind velocity tends to die in the morning and at night, 
and solar is only available during the day in areas with relatively little cloud 
cover.  
4. Wave power production is much smoother and more consistent than wind or 
solar, resulting in higher overall capacity factors [9]. 
5. Wave energy varies as the square of wave height, whereas wind power varies 
with the cube of air speed. Water being 850 times as dense as air, this result in 
much higher power production from waves averaged over time. 
6. Estimating the potential resource is much easier than with wind, an important 
factor in attracting project lenders.  
7. Because wave energy needs only 1/200 the land area of wind and requires no 
access roads, infrastructure costs are less [7]. 
8. Wave energy devices are quieter and much less visually obtrusive than wind 
devices, which typically run 40-60 meters in height and usually requiring remote 
sitting with attendant high transmission costs. In contrast, 10meter high wave 
energy devices can be integrated into breakwaters in busy port areas, producing 
power exactly where it is needed. 
9. When constructed with materials developed for use on off-shore oil platforms, 
ocean wave power devices (which contain few moving parts) should cost less to 
maintain than those powered by wind [9]. 
 
Clearly there are still technical difficulties to overcome, but in the next few years, 
countries will begin to see wave power connected to national supplies. It will be a big 
market. 
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3.1  Introduction 
Wave power technologies have been around for nearly thirty years. Although 
many wave energy devices have been invented, only a small proportion have been 
tested and evaluated. Furthermore, only a few have been tested at sea, in ocean waves, 
rather than in artificial wave tanks [10]. 
A wave energy converter may be placed in the ocean in various possible 
situations and locations. It may be floating or submerged completely in the sea offshore 
or it may be located on the shore or on the sea bed in relatively shallow water. Apart 
from wave-powered navigation buoys, however, most of the prototypes have been 
placed at or near the shore [11]. 
The incidence of wave power at deep ocean sites is three to eight times the wave 
power at adjacent coastal sites. The cost, however, of electricity transmission from deep 
ocean sites is prohibitively high. Wave power densities in California's coastal waters are 
sufficient to produce between 7 and 17 megawatts (MW) per mile of coastline [12]. 
As of 1995, 685 kilowatts (kW) of grid-connected wave generating capacity is 
operating worldwide. This capacity comes from eight demonstration plants ranging in 
size from 350 kW to 20 kW [13]. 
The first operational wave power station in the world has been completely built 
in China in 2005 (by Ocean Energy Division of the Guangzhou Institute of Energy 
Conversion) to supply a small coastal village with electricity [14].  
Wave technology is in the early stages of development. Research and 
development efforts are being sponsored by government agencies in Europe and United 
States [11]. 
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3.2  Some Models of Wave Conversion Devices  
The visual impact of a wave energy conversion facility depends on the type of 
device as well as its distance from shore. Three major classes of devices are:                                                                                                
 Shoreline Devices: (less than 10m depth).  
 Near shore Devices: (from 10m to 25m). 
 Offshore Devices: (more than 40m). 
In the following sections many conversion devices (covering the period 30 years 
approximately) are briefly discussed.  
3.2.1  Shoreline Devices  
World installed capacity Shoreline conversion is about 500 kW. Shoreline 
devices are situated in shallow waters (typically less than10m water depth) [15]. 
Shoreline devices have the advantage of relatively easier maintenance and 
installation and do not require deep water moorings and long underwater electrical 
cables.  The less energetic wave climate at the shoreline can be partly compensated by 
the concentration of wave energy that occurs naturally at some locations by refraction 
and/or diffraction.  Common shoreline devices are the oscillating water column (OWC), 
the convergent channel (TAPCHAN), the Pendulor and the SEADOG device as shown 
below.   
3.2.1.1 Oscillating Water Column (OWC)  
 
Figure 3.1: OWC device. 
The OWC device is the wave energy converter technology which has been 
attracting the most effort and is now finding its way into commercial applications [16]. 
It is widely recognized that the only device that can be built to even a moderate 
degree of satisfaction, using presently available construction techniques, is a shoreline 
OWC.  It is The most successful design of wave energy conversion at this date. An 
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OWC consists of a partially submerged, hollow structure, which is open to the sea 
below the water line [16].  
Kinetic energy (movement) exists in the moving waves of the ocean. This 
energy can be used to power a turbine. In this simple example, the wave rises into a 
chamber. The rising water forces the air out of the chamber in the direction of arrows 
upwards through doors that are normally opened or using one way valves. The moving 
air spins a turbine which can turn a generator. When the wave goes down, air flows 
through the turbine and back into the chamber in the direction of arrows downwards 
(Fig. 3.1) through doors that are normally closed [17]. 
3.2.1.2 Tapered Channel Device  (TAPCHAN)  
The Tapchan comprises a gradually narrowing channel with wall heights 
typically 3 to 5m above mean water level [15].  The waves enter the wide end of the 
channel and, as they propagate down the narrowing channel, the wave height is 
amplified until the wave crests spill over the walls to a reservoir which provides a stable 
water supply to a conventional low head turbine, or used directly to spin turbines (Fig. 
3.2). The requirements of low tidal range and suitable shoreline limit the world-wide 
reliability of this device. There arent any big commercial wave energy plants, but there 
are a few small ones [18]. 
 
Figure 3.2: A 1MW (TAPCHAN) device. 
3.2.1.3 Pendulor 
The Pendulor device consists of a rectangular box, which is open to the sea at 
one end [15].  A pendulum flap is hinged over this opening, so that the action of the 
waves causes it to swing back and forth [16].  This motion is then used to power a 
hydraulic pump and generator.  World-wide, only small devices have been deployed 
(Fig. 3.3). 
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Figure 3.3: A 5 kW Pendulor device. 
3.2.1.4 The SEADOG Pump 
The SEADOG pump captures ocean-wave energy to pump large volumes of 
seawater, consuming no fuel or electricity and creates no polluting by-products in the 
process. The pump uses buoyancy to convert wave energy to mechanical energy. The 
main components of the SEADOG pump include a buoyancy chamber, buoyancy block, 
piston assembly, piston shaft, piston cylinder, and intake and exhaust valves. When 
positioned in the water the buoyancy block (filled with air) floats within the buoyancy 
chamber, moving up and down in relation to the ocean waves and swells [19]. The 
buoyancy block is connected to the piston shaft which in-turn moves the piston 
assembly through the piston cylinder (Fig. 3.4). 
  
Figure 3.4: The SEADOG device. 
As the buoyancy block moves down in the trough of a wave it draws the piston 
downward through the piston cylinder.  The downward movement draws water into the 
piston cylinder through the intake valve filling the piston cylinder chamber. As the next 
wave lifts the buoyancy block the water within the piston cylinder is under pressure and 
is expelled through the exhaust valve. Each cycle of the buoyancy block rising and 
falling, drawing in and expelling water, is called a stroke. Each stroke of the piston 
causes the water to be pumped from the piston cylinder in a regular manner. 
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The pump is an adaptable device that can be scaled and configured for most of 
the worlds shorelines. Pump design and construction is simple and utilizes materials 
that are readily available almost anywhere. Pump manufacturing is well suited for job 
creation in the region of deployment [19].  
3.2.2 Nearshore Devices  
World installed capacity Shoreline is about 150 kW. Near shore devices are 
situated in shallow waters (typically 10 to 25m water depth) [15]. 
3.2.2.1 Oscillating Float Air-Pump Wave Machine  
It is similar to the OWC devices on its operation [1]. The entire structure is 
installed in four floating tanks which are fixed to the sea bed and filled with compressed 
air delivered by the air pump of the machine. The compressed air stored in the floating 
tanks is used for driving air-turbine-electrical generator unit (Fig. 3.5). 
 
                         Figure 3.5: Oscillating Float Air-Pump Wave machine.                                        
3.2.2.2 OWC with Pumped Storage Plant  
In (Fig. 3.6), a plant has three major parts: 
* Wave Machine submerged in the ocean and installed in the ocean bed.  
* Water reservoir at higher level on the shore. 
* Hydro-Electric power plant at lower level than the reservoir and higher level 
than ocean. 
The wave machine has an oscillating piston sliding within a fixed chamber. The 
machine pumps up ocean water to the reservoir using wave energy; when the wave goes 
down during its trough, water flows through the hydraulic pump which is located above 
the fixed chamber, and during the wave crest the chamber goes up and pumps the water 
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during the non-return valve.  The non-return valve discharges water to the reservoir and 
does not allow reverse flow during the wave trough [1]. 
The potential hydro energy stored in the reservoir is converted to rotary 
mechanical energy by hydro-turbines installed in the lower level. The turbine drives 
generator rotor and electrical energy is obtained, and then the water discharged back to 
the ocean. 
 
Figure 3.6: A 1 MW OWC Wave machine. 
3.2.2.3 The Oyster Wave Energy Conversion System 
Oyster is a hydro-electric wave power converter, designed to capture the energy 
found in amplified surge forces in nearshore waves. Its relative simplicity makes it 
extremely reliable and fault-tolerant; and gives it a number of key advantages, all of 
which make it cost competitive [20]. 
The principle behind Oyster is simple. The system consists of a simple steel 
Oscillating Wave Surge Converter, or pump, fitted with double acting water pistons, 
deployed near-shore in depths around 10m. Each passing wave activates the pump; 
which delivers high pressure water via a sub-sea pipeline to the shore. Onshore, high-
pressure water is converted to electrical power using proven, conventional hydro-
electric generators. The nearshore location is easy to access; and the most complex part 
of the system is onshore, so it is accessible 365 days a year (Fig. 3.7). 
The peak power generated by each Oyster unit is between 300 and 600kw, 
depending on location and configuration. When deployed in multi-MW arrays; several 
nearshore pumps will feed a single onshore hydro-electric generator, attached to a single 
manifold pipeline. With the capacity to build a single onshore generating plant with an 
installed capacity of 21MW or higher, the economies of scale that can be achieved with 
the Oyster system are clear [20]. 
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Figure 3.7: Oyster prototype device. 
3.2.2.4 OSPREY Device   
The OSPREY (Ocean Swell Powered Renewable Energy) device is based on 
OWC concept and incorporates a wind turbine. It comprises a 20 m wide rectangular 
collector chamber in the centre, with hollow tanks fixed to either side. These tanks face 
into the principal wave direction and focus the waves towards the opening in the 
collector chamber [18]. The air flow from this chamber passes through two vertical 
stacks mounted on the chamber. Each of these contains two, contra-rotating Wells 
turbines, each of which is attached to a generator (Fig. 3.8).  
Behind the collector chamber and there is a conning tower on which can be 
mounted a wind turbine. 
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3.2.3 Offshore Devices  
Offshore devices are situated in deeper water, with typical depths of more than 
40 m. Several different designs have been deployed world-wide with many more still at 
the design stage [15].   
The waves on the open sea (Offshore) have great energy potential, wave 
incidence at deep ocean sites is three to eight times the wave energy at adjacent coastal 
sites, the highest among renewable energy sources. It is generally considered to provide 
a clean source of renewable energy with limited environmental impacts.  
3.2.3.1 Flexible Bag Wave Machine  
This machine is based on OWC principle. A flexible bag compresses air into the 
duct (by wave action) and the compressed air drives a self-rectifying air turbine during 
the wave crest. During wave trough the air re-enters the bag through another path in the 
closed cycle [18].  
The main work in this area was carried out on a circular design, where the side 
mounted flexible bags pressurized an annulus which contained several Wells turbines 
(Fig. 3.9). 
                                           
Figure 3.9:  Flexible Bag Wave machine. 
3.2.3.2 Danish Wave Power Float-Pump  
The Danish Wave Power float-pump device uses a float which is attached to a 
seabed mounted piston pump; the rise and fall motion of the float causes the pump to 
operate driving a turbine and generator mounted on the pump [15].  The flow of water 
through the turbine is maintained as uni-directional through the incorporation of a non-
return valve (Fig. 3.10) [18]. 
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Figure 3.10: Danish Wave Power Float-Pump 
3.2.3.3 Swedish Hosepump 
The Swedish Hosepump has been under development since 1980. It consists of a 
specially reinforced elastomeric hose (whose internal volume decreases as it stretches), 
connected to a float which rides the waves.  The rise and fall of the float stretches and 
relaxes the hose thereby pressurizing sea water, which is fed (along with the output 
from other Hosepumps) through a non-return valve to a central turbine and generator 
unit(Fig. 3.11) [15]. 
The performance of the system was good enough to encourage recent interest in    
commercial exploitation in using Hosepumps to power navigation buoys [18].  
 
Figure 3.11: A Swedish Hosepump device. 
3.2.3.4 Point Absorber  
The wave energy converter (WEC) consists of a buoy coupled directly to the 
rotor of a linear generator by a rope. The tension of the rope is maintained with a spring 
pulling the rotor downwards. The rotor will move up and down at approximately the 
same speed as the wave. The vertical motion induces an EMF in the stator winding of 
the generator (Fig. 3.12). 
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The linear generator has a uniquely low pole height and generates electricity at 
low wave amplitudes and slow wave speeds. The induced EMF in the stator has variable 
amplitude and variable frequency. An important issue with such system is to obtain a 
smooth power output [21].  
 
Figure 3.12: Point Absorber device. 
3.2.3.5 McCabe Wave Pump 
The McCabe Wave Pump consists of three rectangular steel pontoons which 
move relative to each other in the waves [15].  The key aspect of the scheme is the 
damper plate attached to the central pontoon, which ensures that it stays  still as the fore 
and aft pontoons move relatively to the central pontoon by pitching about the hinges 
(Fig. 3.13) [17].  Energy is extracted from the rotation about the hinge points by linear 
hydraulic pumps mounted between the central and two outer pontoons near the hinges.  
The device was developed to supply potable water (by reverse osmosis) but can also be 
used to generate electricity (via a hydraulic motor and generator) [18].  
 
Figure 3.13: McCabe Wave Pump device. 
       CHAPTER 3 Current State of Knowledge 
 
  Ϯϳ 
 
3.2.3.6 Archemedes Wave Swing 
Wave Swing that consists of a cylindrical, air-filled chamber in which the 
oscillating motion of  a floater (an air-filled chamber which ensures buoyancy) 
utilizing a flywheel effect ,with respect to the bottom fixed basement, is directly 
transmitted to a linear electrical generator [16]. The up and down movement of the 
floater is caused by the change of its buoyancy due to the alternate compression and 
decompression of the air inside it as waves pass (Fig. 3.14) [17]. 
  
Figure 3.14: A 2 MW Archemedes Wave Swing device. 
3.2.3.7 IPS Buoy Device 
The IPS (Inter project service) Buoy  is based on OWC concept using a circular 
or oval buoy with diameter and weight adopted to the predominant wave situation at the 
place of location (Fig. 3.15). 
The buoy is held in position by an elastic mooring enabling it to move freely up 
and down against a damping water mass contained in the long vertical tube, the 
acceleration tube, underneath the buoy [16]. 
As the waves move the buoy up and down, the acceleration tube  which is open 
in both ends will move vertically relative to the water column in it. The water column 
will "trap" the piston, forcing it to move together with the water column, relative to the 
acceleration tube. This pumping motion is mechanically or hydraulically transformed to 
a rotary motion driving a generator. 
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Figure 3.15: IPS Buoy device. 
 
3.2.3.8 AquaBuoy Device 
A combination of the former Swedish HosePump (3.2.3.3) and the IPS Bouy 
(3.2.3.7). A slack-moored buoy floating on the surface, an acceleration tube, and an 
hydraulic power take-off on the sea bed [22].        
As the buoy rides the waves, the moving seawater drives a piston inside the 
tube, and the motion of the piston in turn drives a hose pump, which pumps water into 
an accumulator to smooth the power output over the wave cycles. As the hose elongates 
its internal volume decreases to create a pressurized flow of seawater, which drives a 
hydraulic impulse turbine in the seabed assembly (Fig 3.16). 
 
Figure 3.16: A 1MW AquaBuoy device. 
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3.2.3.9 Floating Wave Power Vessel   
The floating wave power vessel [SW2] is a steel platform containing a sloping 
ramp, which gathers incoming waves into a raised internal basin [17].  The water flows 
from this basin back into the sea through low-head turbines.  In these respects it is 
similar to an offshore Tapchan but the device is not sensitive to tidal range (Fig. 3.17).  
   
Figure 3.17: Floating Wave Power Vessel device. 
3.2.3.10 SDE Device (Israel)  
The SDE wave power device is an offshore wave energy converter of the 
floating type, developed by S.D.E. Ltd in Israel. The device has a raft witch looks like a 
segmented boat and takes advantage of both as the kinetic and potential energy of a 
wave to generate hydraulic pressure (The system creates pressurization of ocean water, 
which in turn causes  pressure on hydraulic oil ), the raft has two or three pontoons 
connected by a hinge. As the hinge bends and flexes, wave energy is translated by 
hydraulic jacks, which are connected to the hinges, into mechanical or hydraulic energy. 
The hydraulic device can drive a turbine and generator to produce electricity. The 
system takes advantage of the waves speed, height, depth, rise and fall, and the flow 
beneath the approaching wave, thus producing energy more efficiently and cheaper than 
both other sea-wave and conventional technologies which require vast amounts of land 
space for their ash removal facilities, coal storage space, chimneys, furnaces, and 
coolers [23].  
 A number of models have been built and tested and a 40 kW demonstration 
device has operated successfully (Fig. 3.18).   
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Figure 3.18: SDE device. 
Manufacturing cost for a 1MW system is around US$ 600,000 while a 
comparable station costs $1,500,000 from coal, $900,000 from natural gas, $1,500,000 
from solar sources, and $3,000,000 from wind. The production cost less than 1 cent per 
kWh compared to 3 cents from coal, 3.5 cents from natural gas, 12 cents from solar 
energy, and 3.6 cents from wind. 
Recently, the company has been granted a governmental concession without 
tender to produce and sell 4MW of electricity (and to expand production to 50MW) for 
20 years, at 5.25 cents per kWh, when the production price is less than 1 cent.  
3.2.3.11 Mighty Whale 
A Mighty Whale is an OWC device Incident waves cause the water level in the 
air chambers to rise and fall. This creates a high-speed airflow through the air turbine 
passage, causing the turbines to rotate. This causes generators coupled to the turbines to 
rotate, producing electric output [24]. 
A 120 kW proto- type with 3 OWCs in a row has been operating since 1998 in 
Japan 1.5km off shore at 40m depth (Fig.3.19). 
 
Figure 3.19: Mighty Whale device. 
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3.2.3.12 The Wave Dragon  
The Wave Dragon is an offshore wave energy converter. Both the kinetic and 
the potential energy of the waves are used to generate electric power. Two arms (wave 
reflectors) bundle the waves towards a double curved ramp, the energy stored in the 
waves lets the water flow over this ramp into a basin. As the basin water level lies 
above sea level, the water caught in the reservoir can be used to operate propeller 
turbines [16]. 
A 57 m wide and 261 tons heavy prototype in scale 1:4.5 rated in full scale to 4 
MW is being deployed in Nissum Bredning, Denmark (Fig. 3.20) [17]. 
 
Figure 3.20: Wave Dragon device. 
One Wave Dragon unit produces electricity corresponding to: 
 In a 24kW/m wave climate = 12 GWh/year 
 In a 36kW/m wave climate = 20 GWh/year 
 In a 48kW/m wave climate = 35 GWh/year 
 In a 60kW/m wave climate = 43 GWh/year 
 In a 72kW/m wave climate = 52 GWh/year 
 In a 24kW/m wave climate = 12 GWh/year 
3.2.3.13 Pelamis Device  
Pelamis is a freely floating hinged contour device. The device looks like a snake, 
floating on the ocean surface. The device consists of 4 tubular sections, connected by 3 
hinges [16]. The 4 sections move relative to each other and the hinges convert this 
motion by means of a digitally controlled hydraulic power conversion system (Fig. 
3.21).  
Each hinge of the device contains its own hydraulic power take off. Each power 
take off contains a total of 3 hydraulic rams, which convert the motions into hydraulic 
pressure. Using accumulators generator sets, the hydraulic power is generating 
electricity [17].  
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Figure 3.21: Pelamis device. 
3.2.3.14 Salter Duck Device 
An important feature of this device is the capability of converting both the 
kinetic and potential energies of the wave, achieving thus very high absorption 
efficiencies (theoretically over 90%). It looks like a series of floating ducks. These 
ducks pivot about a stiff shaft and this pivoting motion drives a hydraulic fluid to 
produce electricity ( by bobbing up and down with the waves) [17]. 
Every Duck body contained two independent power canisters, each of which 
was a completely sealed unit containing the main mechanical and electrical plant in a 
controlled, low pressure environment . In order to generate power, the nodding motion 
of the Duck was reacted against a reference frame provided by two gyroscopes which 
were fixed to a gimbal-mounted frame within each power canister [18]. 
The system has undergone considerable development since 1983 (Fig. 3.22). 
The 1983 design was for a 2 GW . The present design is characterized by high 
availability and overall efficiency and low energy production costs. 
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Figure 3.22: Salter Duce device. 
3.2.3.15 WavePlane Device 
The WavePlane construction is triangular. Along two of the sides there are inlet 
ducts and right between those the anchoring point is located. This design ensures that 
the WavePlane always will position itself with the anchoring point and the inlet facing 
directly towards the waves (Fig. 3.23).  
The WavePlane is a floating construction. In opposition to a boat it doesn't ride 
the waves up and down, but remains at water level. The WavePlane is a rigid 
construction with a damping plate (a big vertical plate) in the bottom [25].  
 
Figure 3.23: A WavePlane device. 
The inlet duct is divided into four (or more) pockets by lamellas and each pocket 
is smoothly connected to one edge of an outlet pipe with different points and angles. 
The multiple pockets system converts both of kinetic and potential energies of the ocean 
wave into swirl (rotational) flow in the outlet pipe more effectively than usual 
overtopping devices  
When the lower part of the wave hits the artificial beach it is speeded down a 
little, whereby the upper part of the wave relatively is pushed forward and thereby is 
"thrown" into the device. 
The rotation motion of the water into the "fly-wheel-tube"  is so strong that it 
continues during the period of two to three "missing" waves, The fly-wheel  has 
sufficient power to run a turbine and generates electricity (Fig. 3.24). Even though the 
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water coming to the WavePlane has an irregular pulse, the conversion of flow through 
the fly-wheel-tube results in an even flowing and rotating stream. 
.  
Figure 3.24: Rotational motion. 
3.2.3.16 The Shim Wind-Wave Device 
Baek Jae Engineering in Korea have designed a prototype wind-wave energy 
scheme, which has many novel features, in particular a floating, lattice structure 
fabricated from plastics and composites (Fig. 3.25). The new aspects of the design are 
intended to reduce the overall capital cost of the scheme by minimizing the non-
productive wave loading on the device. The design is at an early stage of development. 
Baek Jae Engineering are continuing to develop the design and are intending to progress 
to testing a prototype in the near future [16]. 
 
Figure 3.25: The Shim Wind-Wave device. 
3.2.3.17 Wavebob Device 
The Wavebob, developed by Wavebob Ltd (UK), comprises a wave energy 
absorber and a hydraulic power take-off system driving synchronous alternators. The 
absorber is an axi-symmetric, compound, and self-reacting oscillator operating 
primarily in the heave mode. The Wavebob is being designed for offshore deployment 
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in large arrays. Commercial units will have a concrete structure floating on compliant 
moorings with an expected lifetime of 20 years (Fig 3.26). 
The power take-off system of the WaveBob device is modular, safely accessible, 
and it is designed to have low operating and maintenance costs. Fully autonomous on-
board control will facilitate good prediction of power output to the grid. Each Wavebob 
unit will carry three 0.5MW alternators (giving in total a rated output of 1.5MW) driven 
at constant speed by hydraulic motors operating off oil pressure accumulators. The 
preferable depths of deployment are greater than 70m, readily available in the energetic 
waters of the North Atlantic off Western Europe [26]. 
 
 
Figure 3.26: Wavebob device. 
3.2.3.18 Bristol Cylinder 
The Bristol Cylinder consists in a floating cylinder that collected the waves 
movement. The cylinder is mechanically connected to the energy unit by flexible joints 
and rods. The rods are moving slowly with cylinder and the reciprocating motion is 
transferred to the axels in converter unit. This converter unit, called Escone, after his 
inventor Esko Raikano, is the heart of the system and converts the reciprocating motion 
to a rotating shaft connected directly to a generator for generating electrical energy with 
high efficiency. For the energy unit a suitable slow speed generator will be needed. 
When transferring converter movements with mechanical arms and rotation to the 
generator the efficiency should be kept as high as possible. The Bristol Cylinder 
operates under the sea level as shown in (Fig. 3.27) [8]. 
Two or more Bristol cylinders could be connected in parallel. It is also possible 
to make wave parks near shore or wind power units connected together like float 
offshore. In offshore the converter parts can be located above the sea level and the 
collector rotation just under the sea surface. This method of collector wave energy is in 
the process of pending patents in Finland. 
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Figure 3.27: Bristol Cylinder for wave energy extraction. 
3.2.3.19 OMI WavePump 
The Combined Energy System (CES) developed by Ocean Motion International 
(OMI) consists of four sub-system components; a seawater wave-pump, a hydro-turbine 
electric generator, a reverse-osmosis filtration unit, and an electrolysis-hydrogen 
generation unit.  The OMI CES is designed to operate on a large offshore platform, 
which is essentially a modified version of a standard modular offshore drilling unit.  
The system uses no external fuel resources to operate.  The output of the system is 
potable water, electricity and hydrogen, which is delivered to shore through service 
piping and cabling. The four sub-system component details are provided in the 
following descriptions [27] 
The OMI WavePump is technically described as a mass displacement wave 
energy conversion device (Fig. 3.28).  The patented Ref a seawater pump and heart of 
the CES, is an innovative design which uses very few simple moving components for 
minimal maintenance and wear.  The WavePump sets the CES system apart from other 
energy production approaches by being completely self-sufficient since it does not 
depend on any external energy resources and operates in a natural reliable environment 
of ocean waves.  
 
Figure 3.28: OMI WavePump device. 
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3.2.3.20 Orecon Device 
The simplicity of Oscillating Water Column technology (i.e. no moving parts) 
has long made it a favored solution for wave energy conversion applications. However, 
the OWC's major weakness has been its low efficiency. Orecon has made a 
technological breakthrough with the MRC (Multi Resonant Chambers) and have 
delivered the high efficiency implementation of OWC the industry has been waiting for 
[28]. 
Designed to remain permanently installed & operating on site for minimum 25 
years. Utilizes techniques proven in the offshore oil industry, tension moored to the sea 








Figure 3.29: Orecon device. 
3.2.3.21 PSP Device 
PSP (Pneumatically Stabilized Platform) Prototype stage, A pneumatic floating 
platform utilizes indirect displacement, in which the platform rests on trapped air that 
displaces the water. The primary buoyancy force is provided by air pressure acting on 
the underside of the deck. Air is allowed to flow from one cylinder to another neighbors 
through a manifold or connecting orifices. The airflow provides a mechanism to help 
reduce the peaks in the pressure distribution beneath the structure and provide platform 
stability as well as a mechanism for dissipating wave energy. In addition, directing the 
moving air through turbo-generators to produce electrical energy is generating interest 
[29]. 
The Pneumatically Stabilized Platform was originally designed as a means for 
constructing a new airport for San Diego in the Pacific Ocean, 3 miles off the tip of 
Point Loma. Known as "FloatPort" (Fig. 3.30). 
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Figure 3.30: PSP device in USA-California. 
3.2.3.22 Wave Rider 
Wave Rider consists of a special point absorbing buoy that bobs up and down 
with wave action on the ocean surface. Electricity is generated via a small turbine 
powered by an hydraulic circuit. The hydraulic circuit captures the slow rolling energy 
of the wave and converts it into high-pressure hydraulic fluid flow, spinning a turbine to 
generate electricity. Water depths greater than 50M. Halcrow Group is the consultant 
[30]. 
Wave tank tested and now participating in a UK wave research study called the 
"Marine Energy Challenge" sponsored by Carbon Trust (Fig. 3.31). 
 
Figure 3.31: Wave Rider device in USA-California. 
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3.2.3.23 Wave Rotor  
Two types of rotors were combined on the same axis of rotation: a Darrieus 
rotor and a Wells rotor. These are respectively omni- and bi-directional rotors, which 
can operate in currents of changing directions. The Wave Rotor captures wave energy 
from the circulating water particles in the waves creating local currents. The developers 
discovered that these circular currents can directly drive a rotor [30]. 
Tests were to take place in the summer of 2002 in the Nissum Bredning fjord on 
the north-west coast of Denmark (Fig. 3.32). The Wave Rotor would be mounted to a 
platform and tested for performance, foundation loads and electricity production. The 
rotor can be grid connected via an inverter and supply energy to the grid. No 
information available regarding the results of this testing [31].  
 
Figure 3.32: Wave Rotor device in Denmark. 
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4.1  Introduction 
After a careful and thorough study of the different conversion devices described 
in chapter 3, and considering the aggressive occupation and its cruel deep-sea-water 
restrictions, a proposed model was derived form the basic operational concepts of the 
following devices:    
 The Pendulor device (Figure 3.3). 
 The SEADOG Device (Figure 3.4). 
 The OWC with Pumped Storage Plant (Figure 3.6). 
 The SDE device (Figure 3.18). 
 
This device is depicted again in the next Figure: 
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Prior to design analysis and fabrication it was necessary to carefully select the 
suitable location for experimentation and understand some basic characteristics of the 
Gaza sea waves at that location. 
4.2  Choice of Site  
The intended conversion device is a shoreline device. So, it is worthwhile to 
spend some efforts to search for a suitable place, which will be used to test the device 
and take readings. Taking into account the needed topography of the site (for fixation of 
model), three shoreline sites (less than 10 m depth) have been selected as follows: 
1- Gaza port. 
2- Sheikh Ejleen, beside Khalil Al-Wazir mosque. 
3- Coast opposite to Abu Hasira hall. 
Each site has advantages and disadvantages that in turn affected the choice of 
location: 
4.2.1  Gaza Port 
 
Figure 4.2: Gaza port. 
Advantages: 
- The existence of wave breakers at the port of Gaza, which would make very 
strong waves in this site.  
- The site is a private one, so it is far from being crowded. 
Disadvantages: 
- The difficulties of the fixation of the model due to complex nature of the rocks 




       CHAPTER 4 Theoretical Analysis, Design and Fabrication 
 
  ϰϮ 
 
4.2.2  Sheikh Ejleen, beside Khalil Al-Wazir Mosque 
 
Figure 4.3: Sheikh Ejleen 
Advantages: 
- Ease for model fixation. 
- There is a hill (15m) behind the site that can be used to place the water reservoir.  
Disadvantages: 
- Site is contaminated with sewage and algae as show in (Fig. 4.3), which would 
make these algae to close tubes used in water lifting 
- It would cost a lot to build a suitable floor to fix the model. This presented the 
main reason to discard this site. 
4.2.3  Coast Opposite to Abu Hasira Hall 
The site lies on the north side of the Gaza port near the Abu Hasira hotel. 
 
Figure 4.4: Coast opposite to Abu Hasira hall. 
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Advantages: 
- Site is characterized by waves confined between the port and the shoreline firths 
and hence leading to increasing strength and height of waves.    
- There is concrete cubes and rocks at shore that can be used to fix the model. 
Disadvantages: 
- The size of the concrete mat is a bit too small to give enough freedom to move 
around the base of the device.   
Nevertheless, this location was the best choice.  
4.3  Characteristics of Gaza Sea 
The fact that the Mediterranean overlooks Gaza Strip, from the West, and 
extending from south to north, makes Gaza an exploitable area for wave renewable 
energy. One can take advantage of the value readings recorded by the Center for 
Meteorology of the Ministry of Transport and Communications in Gaza. Values are 
presented by Tables 4.1 and 4.2 for the period 2001-2006 taken at "Gaza station". 
Table 4.1: State of the wave period (2001-2006) [32]. 
 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC AVR. 
(sec.) 
2001 3.8 4.1 3.4 3.9 3.7 3.6 3.1 3.5 3.3 3.3 3.9 3.7 3.6 
2002 4.1 3.6 3.6 3.4 3.2 3.2 3.1 3.4 3.1 3.3 3.5 3.9 3.5 
2003 3.5 4.6 3.7 3.4 3.1 3.0 3.3 3.0 3.2 3.3 3.3 3.5 3.4 
2004 3.7 3.6 3.3 3.2 3.3 3.1 3.0 3.0 3.0 3.0 3.7 3.3 3.2 
2005 3.7 3.6 3.2 3.2 3.0 3.0 3.0 3.0 3.1 3.3 3.4 3.5 3.3 
2006 3.5 3.5 3.4 3.4 3.0 3.0 3.0 3.0 3.1 3.2 3.2 3.4 3.2 
AVR. 
(sec.) 3.8 3.9 3.5 3.4 3.3 3.2 3.1 3.2 3.1 3.2 3.6 3.6 3.4 
 
Table 4.2: State of the wave height (2001-2006) [32]. 
 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEB OCT NOV DEC AVR. (cm) 
2001 69.2 88.2 58.9 76.0 69.0 64.5 52.9 62.6 56.7 58.4 79.3 68.7 67.0 
2002 76.5 67.9 68.1 59.3 54.8 54.0 51.9 59.4 52.7 56.5 61.0 70.3 61.0 
2003 63.9 90.0 67.7 61.0 53.9 50.0 57.4 50.0 55.3 57.4 56.0 68.4 60.9 
2004 70.3 65.9 56.1 54.7 55.8 52.0 50.0 51.0 50.0 50.0 75.8 55.8 57.3 
2005 63.2 62.9 55.0 55.7 51.3 50.0 50.0 50.0 53.7 57.4 59.5 64.8 56.1 
2006 63.2 65.0 60.6 60.5 51.9 51.0 50.0 50.0 51.7 54.5 54.5 61.3 56.2 
AVR. 
(cm) 
68.6 75.0 61.2 61.3 57.0 54.1 52.5 54.6 53.7 55.9 66.3 65.6 61.6 
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4.4  Wave Velocity 
To estimate the wave velocity at the chosen location,  two landmarks (12 m- 
apart) and a stopwatch were used to get the average-velocity values. Tables 4.3 show 
some of the readings were taken (recorded on Saturday 19th of June 2008 from13:00 
to19:00):  
 
Table 4.3: Wave velocity measurements. 
For Distance 12m 
Reading No. Time(sec) Average velocity(m/sec) 
1 3.5 3.419 
2 5.4 2.214 
3 5.5 2.178 
4 2.5 4.743 
5 3.6 3.333 
6 4.5 2.667 
7 5.5 2.182 
8 4.2 2.857 
9 3.1 3.871 
10 5.0 2.400 
11 4.5 2.667 
12 4.4 2.727 
13 5.0 2.400 
14 5.2 2.308 
mean velocity 2.85 m/s 
 
More values were recorded on Saturday 29th of September 2008 from 8:00AM 
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Table 4.4: Wave velocity. 
For Distance 20m 
Reading No. Time(sec) Average velocity(m/sec) 
1 6.6 3.021 
2 5.5 3.663 
3 5.1 3.914 
4 4.7 4.274 
5 6.8 2.959 
6 7.4 2.714 
7 4.6 4.348 
8 7.6 2.635 
9 6.8 2.963 
10 8.0 2.5 
11 6.8 2.946 
12 6.0 3.317 
13 6.5 3.063 
14 7.1 2.817 
15 6.3 3.175 
16 5.5 3.636 
17 6.9 2.899 
18 5.7 3.509 
19 5.5 3.636 
20 5.9 3.39 
21 6.5 3.077 
22 5.5 3.636 
23 6.5 3.077 
24 6.9 2.899 
25 6.8 2.941 
26 7.6 2.632 
mean velocity 3.217 m/s 
 
The mean of all readings is equal to 3.03 m/sec. So, the average wave velocity 3 m/sec 
will be used. 
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4.5  Theoretical Analysis and Design 
The present wave conversion device has a floater that is allowed to move with 
waves (horizontal and vertical motions). Both motions help to suck water into a 
hydraulic piston which is then pumped to a high head (about 15 m) whenever waves die 
out.  
The components of the present device are: main arm, dipping arm, floater 
hydraulic piston, fixation base, hoses, one-way valves and pressure meter.   
As a prctical application and a starting point we will consider the following: 
 Assume that our objective is to build a conversion device that can provide 
enough power to light a street post using: 
1. A 150 Wh-lamp for 10 hrs daily, and 
2. A hydraulic piston with inside diameter equals to 30 cm (best available), which 
is used to pump water to a 15-m height (highest scaffold with least cost). 
 These considerations are the initial trigers for the intended device. As will be 
seen, the needed pressing force to produce a head of 15 m is about 1087 (kg). This 
required force is the start for the determination of configuration, dimensions, and 
weights of the different components of the present device as shown in the next sections 
in full details. 
4.5.1  Power, Head, and Flow rate 
To comply with the above assumption, then  
The power required per year   
   = 150Wh*10hrs*30days*12months /1000 = 540 kWh per year   (4.1) 
                            
 For hydraulic power, we need constantly flowing water with at the intended 
head. Let us first calculate the required flow that will satisfy Eq. (4.1) [34]. 
The following well known equation relates the turbine, power, flow rate, and 
water head [35]. 
               eE  = g  t  1000  3600
 H Q g D r

      KWh/year           (4.2)  
where 
           eE   =  the annual electrical energy delivered (Kwh/year) 
           rQ   =  the annual useful water in the reservoir  (
3m /year)    
D   =  Density of sea  water (1025 kg/m³ for sea water), 
g    = Acceleration due to gravity (9.81 m/s²), 
H   = Effective pressure head of water across the turbine (m), 
t   =  Hydraulic efficiency of the turbine ( t
 = 0.85). 
g  = Hydraulic efficiency of the generator ( 
g = 0.95 ) 
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Equation (4.2) can be re-arranged as          







  3m  /year      (4.3) 
which can be converted to m3 / s as         
         Q = 
3600*10*12*30
Q r        (m³/s)                 (4.4) 
Substituting the values given in by equations (4.1) & (4.2) into equation (4.3) and that 
into (4.4), we get   
 
Q =  0.00123 m3/s  = 1.23 Liters /s.     (4.5) 
To get a paractical value let us find  
the required volume of water per day = 0.00123*10*3600 = 44.28 m3 per day. 
                                                                 = 44.28 Liters per day.       (4.6)                    
4.5.2  Required Piston Compression Force Fp  
The pressure P at the bottom inside of the piston, the cross sectional area of the 
piston Ap, and the required pressing force on the piston are, respectively, given as:  
 
 
                                                                              
 
                      
 
    Fig 4.5: Piston and hose sketch 
Where, 
P: Internal pressure at inside bottom of piston     )/( 2mN  
  : Density of sea water            (1025 kg/m³), 
H: Pressure head of water             (m), 
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pA : piston cross sectional area of piston   )(
2m ,                                        
Dp: Piston diameter                        (cm/100), 
Fp: Compression force on piston    (kg). 
 Using H=15m, Dp =30cm, into equation (4.7), (4.8), (4.9) we get the needed 
minimum pressing force on the piston as: 
 
 Fp =  10661.46 N. 
or               =  1086.79  Kg.                                    (4.8) 
 
 This value is the minimum to keep holding the head, so any extra force will give 
higher head which should be the case.  
 
4.6  Conversion Device Components and Mechanisms 
4.6.1 Rotating Lever Arm 
To provide more flexibility (different experimental parameters - cases) it 
designed to be composed of two trusses: main truss and dipping truss.  
a) Main Arm 
It is a truss consists of stainless steel pipes (what is available) with:  
o Border pipes with 7cm diameter, 2mm thickness shown in (Fig. 4.6). 
o Internal pipes with 4cm diameter, 1.25mm thickness shown in (Fig. 4.6). 
o The third dimension of the main arm is 46cm perpendicular to paper.    
 The main arm is hinged at one end by a base, and with the dipping arm at the 
other end. The main arm is also connected to the stroking rod of the hydraulic piston (at 
1 m from left end) as shown in (Fig. 4.7).  
The main arm rises up when the wave moves towards the device in the direction 
to the shoreline and presses on the piston when wave dies out.  
 
Figure 4.6: Main truss dimension 2D.    
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Figure 4.7: Main truss. 
Weight calculations of the Main arm is shown in Table 4.5 









b) Dipping Arm  
It is a steel truss consists of stainless steel pipes (most available) with 7cm 
diameter and 2mm thickness and the dimensions shown in (Fig. 4.8). The third 
dimension is 46cm perpendicular to paper.   
The dipping arm is connected at one end with the floater and with the main arm 
at the other end.  
The dipping arm can either swing with wave dynamic motion as shown in (Fig. 
4.9) or may be fixed as shown in (Fig. 4.10). 
Length (m) 3.6 0.26 0.46 0.52 
Diameter (m) 0.07 0.04 0.04 0.04 
Thickness (mm) 2 1.25 1.25 1.25 
Density (kg/m3) 7840 7840 7840 7840 
Number (#) 4 16 18 16 
Total length ( m) 14.32 4.16 8.28 8.32 
Volume (m3) 0.01 0.002 .003 0.003 
Weight (N) 695.46 111.57 222.07 223.14 
1252.25 (N)    Total Weight 
127.65( kg)    
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Figure 4.8: Dipping truss dimension 2D. 
  
               Figure 4.9: Swing Dipping.                     Figure 4.10: Fixed Dipping.                                                      
The weight calculation of the dipping arm is shown in Table 4.6. Knowing it's 
density, diameters and dimensions lead to approximate the whole mass of  the arms. 
Table 4.6: Dipping arm weight. 
Length (m) 0.8 1.5 0.46 0.26 0.44 
Diameter (m) 0.07 0.07 0.07 0.07 0.07 
Thickness (mm) 2 2 2 2 2 
Density (kg/m3) 7840 7840 7840 7840 7840 
Number (#) 2 2 8 2 4 
Total length (m) 1.6 3 3.68 0.52 1.74 
Volume (m3) 0.001 0.0019 0.0023 0.0003 0.0011 
Weight (N) 77.71 145.7 178.72 25.25 84.7 
512.08 N     Total Weight 
52.2   Kg     
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Adding up all pipes length for the two arms. The next table show total 
lengths needed from each diameter. 
Table 4.7: Total pipe length needed. 
Pipe diameters (cm) 4 7 
Total pipe length (m)  22 25 
4.6.2  Floater Object 
 
Figure 4.11: Floater. 
a) Description 
Special configuration made of wood which painted with fiberglass to prevent sea 
water to pass through it. Using a square base area 1.65m x 1.65 m and inclined side with 





Figure 4.12: Trochoid wave model. 
So, to utilize the most wave energy we considered the site which against to sea 
waves aslope 30o with sea water level. This floater can move horizontally and/or 
vertically by both the potential and/or kinetic energies which exist in surface waves of 
the sea.  
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                                   Figure 4.13: Floater dimensions in meter.    
b) Calculate the required weight of floater 
Assuming that the piston is completely compressed (internal drum is all the way 
down) under the weights of the different device components with zero buoyancy force. 
 
Figure 4.14: Device free diagram in pumping position.  
Therefore, taking the moments of  Fp, mm, and md, about the hinge of the main 
arm as shown on (Fig. 4.15), the floater mass would have to be about 140 kg. The Actual 
weight including  connections between floater and dipping arm is about 200 kg.                                           










Figure 4.15: Device free diagram in general case. 
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To keep the floater floating; we assume a buoyancy force under the floater of P 
then taking the moment about hinge o as shown next 






















































































             md  = Dipping arm mass in kg , 
             mm = Main arm mass in kg, 
             mf  = Floater mass in kg, 
             Ld  = Dipping arm length in meter ,                                        
             Lm = Main arm length in meter ,                  
               =  Density of sea water  (1025 kg/m³), 
             Pf   =Exerting buoyancy force on floater in kg, 
             Vf = Submerge volume of floater in m
3, 
             Lf = Floater base side  in meter ,                 
             Af = Floater base  Area  in m
2 ,                
             hf = Submerge depth of floater in meter .      
There are  two critical cases :  
1- When the device is in  pumping position (è = 40 &  â =0  in degrees) 
2- When the device is in suction  position (è = 90 &  â =8.6 in degrees ) 
Using md  = 53 kg , mm = 128 kg , mf = 200 kg, Ld=1.5 m, Lm=3.6m and Lf =1.65 
m into equations (4.10) and (4.11)  for the two cases .Results are shown in Table 4.8.             
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Table 4.8: Submerge depth. 
è â Pf Vf Lf Af hf 
40 0 295.10 0.290 1.65 2.72 10.58 
90 8.577 317.00 0.310 1.65 2.72 11.36 
 
Maximum submerge floater depth will be 11.36 ~=11.4cm, so the assumption of 
floater depth to be 30 cm is suitable and floater will be floating. 
4.6.3  Hydraulic Piston 
 a) Description 
(Fig. 4.16) shows the main parts of the hydraulic piston which consist of: 
1. UPVC pipe 80cm length, 30cm inside diameter and can stand internal pressure 
of 20bar.  
2. Top and bottom cover made of fiberglass connected by long bolts and washers. 
3. A fiberglass base (drum) connected to a stroking arm. 
4. A rubber O-ring placed in a V-grove in the fiberglass base. 
  
Figure 4.16: Main parts of the hydraulic piston.                                                      
When the waves move towards the device, the effects of potential and dynamic 
energy in waves cause the main arm to rise and hence the piston is working under 
suction. 
b) Checking the value of compression force on piston, Fp 
In this case buoyancy force and wave force assumed be negligible whenever 
wave dies out the arms (and floater) come back to their initial position as shown in (Fig. 
4.17). 
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Figure 4.17: Device free diagram pumping position; piston compressed. 
 
Figure 4.18: Device free diagram suction position (piston stroke is out). 





















































































             md  = Dipping arm mass in kg , 
             mm = Main arm mass in kg, 
             mf  = Floater mass in kg, 
             Ld  = Dipping arm length in meter ,                                        
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             Lm = Main arm length in meter ,                  
               =  Density of sea water  (1025 kg/m³), 
             Lp = Piston distance from hinge in meter,  
             Y = Average sea wave height in meter, 
             Fp = Compression force exerting from device and floater mass on piston.  
Using md  = 53 kg, mm = 128 kg, mf = 200 kg, Ld=1.5 m, Lm=3.6m, Lf =1.65m,              
Lp =1 m and Y=0.6 m  into equations (4.12) for the two cases. 
 The device is in pumping position (è = 40 &  â =0  in degrees)as in (Fig. 4.17). 
 The device is in suction  position (è =40 &  â =9.46 in degrees )as in (Fig. 4.18). 
 
Results is shown in Table 4.9: 
Table 4.9: Compression Force on Piston. 
Fixed Dipping Arm 
è Â Fp (kg) 
40 9.46 1561.17 
40 0 1557.18 
 
- It observe that as â increased compression force on piston will increase. 
- Compare the minimum value Fp=1557.18 (kg) with Fp required that equal  
1086.790 (kg) .It shows that the device can pump water to a head of 21.5 m 
(which is 1.43 times the initial head). 
4.6.4 Base 
 
Figure 4.19: Base. 
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a) Description 
Steel base contain piston on it and has (Base's tail) backward extent to put heavy 
weight on it to save device stability.  
b) Calculate the total mass needed to keep the device in equilibrium (from turning 
over stable) 
 











            Me =  Total mass need to carry the  device  in kg.  
Using md  = 53 kg, mm = 128 kg, mf = 200 kg, Ld=1.5 m, Lm=3.6m and Le =1 m 
into equations (4.13) for the two cases.  
Results shown in Table 4.10: 





So the minimum mass needed to stabilize the device is about 1400kg. It can 
be done by using cubic concrete. 
è â Me 
40 0 1401.46 
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4.6.5 Hose and Valves 
Hose resistant high pressure and high temperature its 20m length and 2 inch 
diameter. Hoses and one-way valves are connected between the hydraulic piston shown 
in (Fig. 4.21) and the elevated water tank shown in (Fig. 4.22).    
One-way valves keep water in hose and prevented water to go back to the piston. 
One-way valves allow water enter to the piston and prevent water exit from the piston.  
  
 Figure 4.21: Hoses and one-way valves.                Figure 4.22: Hose at 10m.                                        
                                
4.6.6  Pressure Meter 
 
Figure 4.23: Pressure meter.   
Pressure meter is used to check the theoretical calculation. And it was placed 3m 
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4.6.7  Connections 
1- Floater-Dipping arm connection point: 
The floater can either rotate around the dipping arm (by a hinge) or can be fixed 
by some stabilization link; as shown next. 
  
                                      (a)             (b) 
Figure 4.24: Floater-Dipping arm (a) Hinge, (b) Stabilization Link. 
2- Dipping arm-Main arm connection point: 
The dipping arm can either rotate around main arm (by a hinge) or can be fixed 
by a stabilization link. 
  
                        (a)              (b) 
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3- Main arm-Base connection point: 
           The main arm is free to rotate around the base. 

Figure 4.26: Main arm-Base hinge. 
4- Hydraulic piston connection point: 
Hydraulic piston is allowed to rotate freely at both end connections; with the  
main arm and the base. 
  
               (a)                  (b) 
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4.7  Dynamic and Strength Analysis 
Because we had to use what is available. We first built the components and then 
carried out dynamic analysis and then strength analysis: 
Appendix A: Presents a brief and jagged dynamic analysis of motion for the 
different components to check the kinematics of the components as well as the whole 
device, and then to find the maximum dynamic forces (all connections were assumed 
frictionless).     
Appendix B: Presents a brief and jagged strength analysis for both main and 
dipping arms using maximum forces obtained in Appendix A. 
4.8  Device Models 
This section will discusse all experimental work of our device in real station at 
Gaza sea or workshop testing, therefore, our device was built for 3 times, first time was 
built before Al-Forqan war (27-12-2008), it damaged by Israel brittle, second time was 
built after this war which damaged by atrocity of sea, third time was built after that and 
it could be stay up to now. 
4.8.1  Assembly and Workshop Testing 
Upon the completion of manufacturing and assembling the components, it was 
decided to test the device in the workshop for the following reasons:  
 1- To make sure that we have correct assembly between all parts and their motion. 
2- To make sure that the piston works properly under suction and pumping.  
3- To minimize the cost and effort for any modifications needed if the device were to be 
tested onshore directly. 
4.8.1.1 Procedure 
1- Assemblage the device components (piston away 1m from the end of arm). 
2- Pushing the floater up (Fig. 4.28). 

Figure 4.28: Pushing the floater up. 
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3- Measure the piston stroke. see (Fig. 4.29) 

Figure 4.29: Measure the piston stroke. 
4- Record the initial pressure meter reading. see (Fig. 4.30) 
 
Figure 4.30: Pressure meter before falling floater. 
5- Release the floater so to fall freely.                                     
6- Record the final pressure meter reading. see (Fig. 4.31) 
 
Figure 4.31: Pressure meter after falling floater. 
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7- Observe and measure the flowing water volume, see (Fig. 4.32). 

Figure 4.32: Water falling from 10m head.   
8- Repeat the test (steps 1-9) for the piston positioned at 0.5m from the end of arm.  
4.8.1.2 Comments 
 For the workshop test the device components worked and reacted in a complete 
smooth and coherent motion.  
 Piston sucked and pumped water to a level above 10 m height.  
 The pressure readings that the piston can pump more than 15 m head, which was 
a very reassuring and pleasing result. 
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5.1  Introduction 
This chapter describes all the experimental work that has been carried out on the 
selected site at Gaza sea. The conversion device was constructed and modified three 
times: 
a) On-shore experiments-stage 1: the device was constructed completely before Al-
Forqan war (27-12-2008), site-tested, taken to workshop for modification, then 
damaged at workshop due to Israel aggression. 
b) On-shore experiments-stage 2: the device was reconstructed and modified, site 
tested, and damaged by atrocity and randam turbulence of sea waves. 
c) On-shore exaperiments-stage 3: the device was reconstructed and furtherly 
modified  and site tested. 
Several types of measurements were recorded each time. 
5.2  On-shore Experiments-Stage 1: 
After assembling the device components and test succeeded at the workshop, we 
decided to go to sea shoreline. On Friday 19th of December 2008, predominant weather 
was sunny, slow wind speed, and low wave height. The device was transferred to the 
Gaza sea (Abu Hasira Hall) to begin on-site tests. 
5.2.1  Procedures: 
 Installation of device: 
a) The Base's extent (Base's tail) was positioned on the surface of an onshore 2m by 
1.5m rock (Fig. 5.1). 
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Figure 5.1: Install the device. 
b) A parallelepiped concrete foundation which weighed approximately 5-ton 
(existed on the site) was place on base's extent (Fig. 5.2).  
 
Figure 5.2: Place concrete foundation on base. 
c) As a starting configuration, the floater-dipping arm connection was free to rotate; 
and dipping arm-main arm connection was fixed at 120º (Fig. 5.3).  
 
Figure 5.3: Free and fix at 1200. 
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 Lifting the hose:  
a) The 5cm  diameter hose was lifted to a 15m height using the arm of the crane, 
as shown below.   
 
Figure 5.4: Lifting the hose. 
b) The water was observed to exit from the hose at head of 15 m (Fig. 5.5)  
 
Figure 5.5: Water exits from hose at 15 height. 
 Record pressure meter reading: 
Next figures show pressure meters indicating the initial (1.5 bar) and the final (2 
bar) readings of the water head. 
                                
Figure 5.6: Initial reading (1.5bar).                Figure 5.7: Final reading(2 bar). 
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5.2.2  Obstacles Encountered: 
Even though the results of pumping water to a head of 15 m appeared to be very 
promising, six major problems were encountered during Experiments-Stage 1: 
1) Poor efficiency in the material and shape of rubber O-ring used in the piston 
presented a serious problem. The deterioration of the rubber O-ring due to 
friction with UPVC pipe (in the presence of salty water) has caused some 
leakage in the piston. The rubber has smeared against the inside wall of the 
pipe, see (Fig. 5.8). 
  
Figure 5.8: Rubber O-ring is deteriorated in UPVC. 
2) Another problem in piston was the incomplete roundness of pipe, this could 
cause some leak in the piston, see (Fig.5.9). 
 
Figure 5.9: Plastic piston body inside. 
3) The air trapped between the top surface of the inside drum and the top cover 
presented a hard retarding force and hence slowed down the stroke motion in 
the  piston, specially in the suction trip with no holes for air release, see (Fig. 
5.10). 
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Figure 5.10: Plastic piston body. 
4) The random aggressive turbulence of sea waves (very high waves) presented a 
serious fatigue force that weakened the device.  
 
Figure 5.11: High wave strength. 
5) Sedimentation of sea sands inside piston (through the suction valve) contributed 
to high friction and damaging of the O-ring rubber in the piston. 
 
Figure 5.12: Suction hose. 
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6) The steel bars of the base (C-cross section: 4cm X 8cm with thickness = 6 mm, 
see (Fig. 5.12), used in the fixation part cracked and hence fractured under the 
cyclic dynamic loads. 
 
Figure 5.13: Base of model No.(1). 
The device was taken back to the workshop for modifications (solutions of the 
above problems), however, the Al-Forqan war (27/12/2008) started and a nearby 
workshop was bombarded which resulted in the damage of our device, see (Figs. 5.14 & 
5.15). 
 
Figure 5.14: Damaged in main truss. 
 
Figure 5.15: Damaged in dipping truss. 
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5.3  Modifications: 
5.3.1  Piston Modifications: 
 A specially designed cross section rubber O-ring was used to replace the old 
one. This design prevented any inside leak using the principle of gradually 
sealing the tolerance existing between the drum and tube (Fig. 5.16). 
 
 Figure 5.16: a) Old O-ring (repeated)     b) New rubber O-ring, specially designed. 
 Motor oil was added on the top of the inside drum see (Fig. 5.17). This ensured 
continuous flexibility of the O-ring and hence reduced friction.  
 
Figure 5.17: Motor oil for friction reduction. 
 Two external cylindrical steel rings; each ring with 2 adjustable bolts (radial 
adjustment toward the center of the tube) were used to improve the roundness 
of piston tube; see (Fig. 5.18). 
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Figure 5.18: Steel restriction. 
 Two side 2-cm holes were drilled on the top sides of the tube (holes are 
opposite). These holes acted as air releases and hence freed any trapped air 
between the top cover and inside drum (in suction trip); see (Fig. 5.19).  
 
 
Figure 5.20: Hole openings for air release. 
5.3.2  Manual Crane 
 Manual crane was installed at the end of device (top of the base) to escape any 
distinct random aggressive turbulence of sea waves (very high waves) and 
hence protect the device from a serious fatigue force, see (Fig. 5.21). 
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Figure 5.21: Manual crane. 
5.3.3  Hose Modifications 
 The 2-m hose (suction end) submerged under water was covered by metal sieve 
(approximately less than 0.02mm) and tied with plastic fasteners, see (Fig. 
5.22). This filter prevented the transfer of sea sand into the hydraulic piston. 
 
Figure 5.22: Hose filter. 
5.3.4  Base Modifications 
 The steel bars of the base with C-cross section are replaced with box-cross 
section: 15cm X 15cm and thickness = 8mm, see (Fig. 5.23). These bars are 
used in the fixation part to resist the cyclic dynamic loads. 
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Figure 5.23: New base. 
5.4  On-shore Experiments -Stage 2: 
5.4.1  Procedures: 
 Installation of device: 
a) After modifying the device components and tested successfully at the workshop, 
on Wednesday 22/4/2009, the device was transferred to the Gaza sea (Abu 
Hasira Hall) and placed on the rock. Parallelepiped concrete foundations which 
weighed (existed on site) were place on base's extent as shown next. 
  
Figure 5.24: Base on rock. 
  
Figure 5.25: Concrete blocks on base. 
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b) A steel-structure scaffold was connected on site. The 5cm  diameter hose was 
lifted to a 15m height (from sea level) on the scaffold. 
 
Figure 5.26: Lifting the hose at steel scaffold. 
c) The free end of the hose was then stuck into a 300-liter plastic vessel to be filled 
with water coming down from the 15m head, see (Fig. 5.27).   
 
Figure 5.27: A 300 liters vessel with hose inside. 
d) Different readings were recorded for two days. See Table 6.1 for details. The 
average filling rate was about 0.55 l/s  at angle 90 degrees. 
   
Figure 5.28: Filling water in 300 liters vessel. 
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5.4.2  Obstacles Encountered 
Even though promising results are obtained, two major problems were 
encountered during Experiments-Stage 2: 
1) At strong turbulence and high sea wave, it is noticed that strong lateral forces 
(changing in wind direction) caused some later motion of the floater and hence 
lowered the efficiency and functionality of the device, see (Fig. 5.29). 
 
Figure 5.29: High sea waves and lateral motion.   
2) High-frequency sea waves moving towards the device rebounded against the 
rocks under the device, and in the way back interfered with newly attacking 
waves. This interference reduced the strength of the newly coming waves under 
the floater, see (Fig. 5.30). 
 
Figure 5.30: Sea waves rebounded against to the device.   
3) The mechanical motion of the manual crane turned out to be too slow as 
compared to the quick and violent turbulence of the sea waves. So, it was very 
hard to lift the device and to escape the random violence of high sea waves. 
Consequently, the device was subjected to serious exhausting dynamic force, 
and hence the dipping arm-floater connection broke loose, see (Fig. 5.31). 
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Figure 5.31: Dipping arm-floater connection broke loose. 
5.5  Second Modifications 
5.5.1  Changing the Manual Crane: 
 A good quality manual crane was fixed on a tip of and L-steel structure with I-
beam cross section, see (Fig. 5.32). This arrangement has proven to be effective 
to quickly escape any damaging, high, and violent sea waves. 
 
Figure 5.32: A Suitable manual crane. 
5.5.2  Enlargement and Fixation: 
 The floater position was placed further into the sea by about 1.7 meter. This 
was done by increasing the length of main arm (from 3.6 m to 4.5 m). Also, 
using fixing the joint between main and dipping truss at 120 degree brought the 
floater forward about 75 cm. This helped to reduce the effect of the interference 
of coming/rebounding waves, see (Fig. 5.33).  
       CHAPTER 5 On-Shore Experiments 
 
  ϳϳ 
 
 
Figure 5.33: Enlargement and fixation. 
 A new joint-fixation technique between dipping truss and floater object was 
introduced to avoid previous problem (braking loose). 
 
Figure 5.34: Joint fixation. 
5.5.3  Reduction of Lateral Forces Effects: 
 Two steel profiles (cross section: 4 cm X 8cm with thickness= 2mm) were 
welded to the stopper on the base of device; just ahead of the piston as shown in 
(Fig. 5.35). This profile reduced lateral effects of side sea waves. 
 
Figure 5.35: Steel profile welded to stopper. 
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5.6  On-shore Experiments Stage 3: 
5.6.1  Procedures: 
 Installation of device: 
a) After modifying the device components and testing it at the workshop 
successfully, on Saturday 9/5/2009, the device was transferred to the Gaza sea 
(Abu Hasira Hall) and placed on the rock and fixed as usual; see Figures below. 
  
Figure 5.36: a) Device with new configuration,        b) Device with Scaffold. 
b) The 5cm  diameter hose was again lifted to a 15m height (from sea level) on 
the scaffold and attached to the steel structure as shown. 
 
Figure 5.37: Hose attached to the top of the Scaffold. 
c) The free end of the hose was, again, placed into the 300-liter plastic vessel to be 
filled with water coming down from the 15m head. 
d) To better understand the characteristics of the waves, a pressure meter was 
installed at about 3 m above sea level, (Fig. 5.38). 
 
 
       CHAPTER 5 On-Shore Experiments 
 
  ϳϵ 
 
 
Figure 5.38: Pressure meter. 
e) To study the efficiency of the device by measuring the piston's strokes, a special 
plastic meter was attached to the stopping bar (ahead of the piston) with and 
indicator fixed to the main frame at a point close to the meter, (Fig. 5.39). 
 
Figure 5.39: A special plastic meter with indicator. 
5.7  Measurements and Readings: 
 Three types of measurements/readings were recorded: 
a) Filling rate measurements: the 300-liters vessel was allowed to be filled at 
different times during the day for 8 days. Filling time was recorded for each 
filling using a stop watch. See (Fig. 5.40). 
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Figure 5.40: a) Filling rate measurement.                b) Filling time reading. 
b) Pressure meter readings: pressure readings were recorded for three different 
complete fillings, see (Fig. 5.41). 
  
 
Figure 5.41: Pressure meter.  
c) Piston-stroke readings: stroke readings were taken for two different complete 
fillings, see (Fig. 5.42). 
 
Figure 5.42: Stroke readings. 
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6.1  Listings of Measurements/Readings 
The following sections describe the different results obtained for the on-shore 
experiments at each stage. 
6.1.1  On-Shore Experiments - Stage 1: in stage 1 no specific readings were taken 
except that we had illustrated (using the crane) that it was possible to pump 
water to a 15 meter head or even higher. 
6.1.2   On-Shore Experiments - Stage 2: in stage 2, about 33 different 
measurements were taken throughout the day, as shown in Table 6.1 (next page). 
The measurements were taken for the case "fixed joint" between the dipping arm 
and floater, with 90-deg. angle between the main and dipping arms. 
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Table 6.1: Filling rate measurements  Stage 2 
Day: Wednesday Date: 22/4/2009 
Angle between main and dipping truss: 90 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 L 
 
Time Period:    8 Am  10 Am 
Start Time 09:30 09:45 09:57 10:09 10:19 10:29 10:41 
    
End Time 09:41 09:55 10:08 10:17 10:28 10:39 10:50 
    
Time Duration 
(min:sec) 10:17 09:46 10:19 07:54 08:46 09:50 08:44 
    
Average Filling 
Rate (L/s) 
 0.45  0.51 0.49 0.63 0.57 0.51  0.57 
    
 
Time Period:    10 Am - 1 Pm  
Start Time 11:09 11:21 11:34 11:45 11:59 12:12 12:24 12:37 12:46 12:56 01:21 
End Time 11:20 11:33 11:44 11:56 12:10 12:23 12:35 12:44 12:54 01:03 01:32 
Time Duration 
(min:sec) 
10:55 11:05 09:58 11:19 10:53 10:40 10:58 07:50 07:57 08:00 10:17 
Average Filling 
Rate (L/s) 
0.46 0.45 0.5 0.44 0.46 0.47 0.46 0.64 0.63 0.63  0.49 
 
Time Period:    3 Pm  5 Pm 
Start Time 03:06 03:17 03:27 03:37 03:47 4:00 
     
End Time 03:16 03:26 03:35 03:46 3:57 4:11 
     
Time Duration 
(min:sec) 09:31 08:53 07:58 08:16 9:54 10:26 
     
Average Filling 
Rate (L/s) 0.53 0.56 0.63 0.61 0.51 0.48 
     
 
Time Period:    7 Pm  9 Pm 
Start Time 07:21 07:56 08:13 08:25 08:35 08:45 09:00 09:13 09:28 
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6.1.3  On-Shore Experiments - Stage 3: in stage 3, a large number of 
measurements were taken over a period of seven days at different day times. 
Measurements include:   
6.1.3.A Filling Rate Measurements:  196 experiments were conducted; see Tables 6.2 
 6.8. Experiments' special conditions, dates, and times are shown in each 
table.  
Table 6.2: Filling rate measurements  Stage 3 
Day: Saturday Date: 9/5/2009 
Angle between main and dipping truss: 120 degrees 
Free Joint between dipping and floater  
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 07:51 08:14 08:37 08:59 19:19 09:41 10:03 
End Time 08:14 08:37 08:58 09:19 09:41 10:01 10:22 
Time Duration (min:sec) 22:17 21:55 20:30 19:48 21:31 19:17 18:23 
Average Filling Rate (L/s) 0.22 0.23 0.24 0.25 0.23 0.26 0.27 
 
Time Period:    10 Am  1 Pm 
Start Time 10:32 10:58 11:23 11:44 12:06 12:25 12:45 
End Time 10:58 11:23 11:44 12:05 12:25 12:45 01:04 
Time Duration (min:sec) 25:30 24:12 20:46 20:11 18:37 19:22 18:16 
Average Filling Rate (L/s) 0.2 0.21 0.24 0.25 0.27 0.26 0.27 
 
Time Period:    3 Pm  5 Pm 
Start Time 03:00 03:22 03:42 04:05 04:25 04:45 05:08 
End Time 03:21 03:42 04:03 04:25 04:45 05:05 05:27 
Time Duration (min:sec) 20:23 19:11 20:03 19:29 19:56 19:14 18:21 
Average Filling Rate (L/s) 0.25 0.26 0.25 0.26 0.25 0.26 0.27 
 
Time Period:    7 Pm  9 Pm 
Start Time 06:40 07:05 07:27 07:50 08:10 08:32 08:53 
End Time 07:04 07:27 07:48 08:10 08:30 08:52 09:12 
Time Duration (min:sec) 23:29 21:45 20:35 19:32 19:54 19:11 18:43 
Average Filling Rate (L/s) 0.21 0.23 0.24 0.26 0.25 0.26 0.27 
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Table 6.3: Filling rate measurements  Stage 3. 
Day: Sunday Date: 10/5/2009 
Angle between main and dipping truss: 120 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 06:50 07:08 07:22 07:35 07:51 08:04 08:16 
End Time 07:06 07:22 07:35 07:49 08:04 08:16 08:29 
Time Duration (min:sec) 15:33 13:50 12:43 13:15 12:33 11:48 12:02 
Average Filling Rate (L/s) 0.32 0.36 0.39 0.38 0.4 0.42 0.42 
 
Time Period:    10 Am  1 Pm 
Start Time 11:03 11:17 11:30 11:42 11:57 12:11 12:21 
End Time 11:17 11:30 11:42 11:55 12:09 12:21 12:33 
Time Duration (min:sec) 13:30 12:12 11:37 12:07 11:13 10:52 11:41 
Average Filling Rate (L/s) 0.37 0.41 0.43 0.41 0.45 0.46 0.43 
 
Time Period:    3 Pm  5 Pm 
Start Time 02:57 03:12 03:27 03:43 03:56 04:08 04:21 
End Time 03:12 03:26 03:41 03:56 04:08 04:21 04:33 
Time Duration (min:sec) 14:24 13:12 13:46 12:26 11:39 12:52 11:26 
Average Filling Rate (L/s) 0.35 0.38 0.36 0.4 0.43 0.39 0.44 
 
Time Period:    7 Pm  9 Pm 
Start Time 07:01 07:17 07:32 07:44 07:57 08:11 08:25 
End Time 07:17 07:31 07:44 07:57 08:11 08:24 08:39 
Time Duration (min:sec) 15:33 13:24 11:55 12:34 13:06 12:19 12:43 
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Table 6.4: Filling rate measurements  Stage 3. 
Day: Monday Date: 11/5/2009 
Angle between main and dipping truss: 120 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 08:03 08:20 08:37 08:55 09:13 09:28 09:43 
End Time 08:20 08:37 08:53 09:11 09:28 09:43 10:00 
Time Duration (min:sec) 16:50 16:31 15:45 15:10 14:50 14:34 15:15 
Average Filling Rate (L/s) 0.3 0.3 0.32 0.33 0.34 0.34 0.33 
 
Time Period:    10 Am  1 Pm 
Start Time 11:01 11:16 11:30 11:45 11:58 12:11 12:25 
End Time 11:15 11:30 11:44 11:58 12:11 12:23 12:37 
Time Duration (min:sec) 14:02 13:43 13:12 12:31 12:50 11:23 12:08 
Average Filling Rate (L/s) 0.36 0.37 0.4 0.4 0.39 0.44 0.41 
 
Time Period:    3 Pm  5 Pm 
Start Time 03:00 03:13 03:26 03:41 03:55 04:08 04:21 
End Time 03:13 03:26 03:38 03:54 04:08 04:20 04:33 
Time Duration (min:sec) 12:34 12:20 11:45 12:04 12:17 11:37 11:25 
Average Filling Rate (L/s) 0.4 0.41 0.43 0.41 0.41 0.43 0.34 
 
Time Period:    7 Pm  9 Pm 
Start Time 06:39 06:55 07:08 07:22 07:36 07:48 08:01 
End Time 06:53 07:08 07:21 07:34 07:48 08:00 08:14 
Time Duration (min:sec) 13:34 12:29 12:33 11:14 11:46 11:27 12:31 




       CHAPTER 6 Measurements and Analysis 
 




Table 6.5: Filling rate measurements  Stage 3. 
Day: Tuesday Date: 12/5/2009 
Angle between main and dipping truss: 120 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 08:11 08:25 08:38 08:51 09:04 09:16 09:29 
End Time 08:24 08:38 08:50 09:03 09:15 09:27 09:39 
Time Duration (min:sec) 12:55 12:15 11:30 11:21 10:39 10:26 09:44 
Average Filling Rate (L/s) 0.39 0.41 0.44 0.44 0.47 0.48 0.51 
 
Time Period:    10 Am  1 Pm 
Start Time 10:56 11:08 11:19 11:31 11:43 11:52 12:02 
End Time 11:07 11:18 11:29 11:40 11:51 12:01 12:10 
Time Duration (min:sec) 10:27 09:31 09:18 08:20 07:43 08:12 07:26 
Average Filling Rate (L/s) 0.48 0.53 0.54 0.6 0.65 0.61 0.67 
 
Time Period:    3 Pm  5 Pm 
Start Time 03:07 03:18 03:29 03:37 03:46 04:01 04:09 
End Time 03:17 03:27 03:37 03:45 03:59 04:08 04:15 
Time Duration (min:sec) 09:43 08:25 07:17 07:34* 06:21 06:46 05:50 
Average Filling Rate (L/s) 0.52 0.6 0.69 0.71 0.79 0.74 0.86 
 
Time Period:    7 Pm  9 Pm 
Start Time 07:03 07:16 07:28 07:40 07:50 08:02 08:12 
End Time 07:15 07:27 07:38 07:50 08:00 08:11 08:21 
Time Duration (min:sec) 11:13 10:43 09:54 09:10 09:36 08:40 08:37 
Average Filling Rate (L/s) 0.45 0.47 0.51 0.55 0.52 0.58 0.58 
 
* Stroke Readings also taken. 
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Table 6.6: Filling rate measurements  Stage 3. 
Day: Wednesday Date: 13/5/2009 
Angle between main and dipping truss: 120 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 08:21 08:35 08:50 09:04 09:18 09:32 09:47 
End Time 08:34 08:49 09:03 09:18 09:31 09:45 09:59 
Time Duration (min:sec) 12:25 13:14 12:20 13:23 12:30 12:41 11:52 
Average Filling Rate (L/s) 0.4 0.38 0.41 0.37 0.4 0.39 0.42 
 
Time Period:    10 Am  1 Pm 
Start Time 12:17 12:27 12:37 12:47 12:58 01:06 01:13 
End Time 12:25 12:36 12:46 12:56 01:05 01:12 01:19 
Time Duration (min:sec) 07:45 08:09 08:33 08:47 06:35 05:20 05:39 
Average Filling Rate (L/s) 0.65 0.61 0.59 0.57 0.76 0.94 0.89 
 
Time Period:    3 Pm  5 Pm 
Start Time 02:55 03:06 03:16 03:25 03:35 03:42 03:50 
End Time 03:05 03:15 03:25 03:33 03:41 03:49 03:56 
Time Duration (min:sec) 09:45 08:34 08:02 07:26 05:54 06:19 05:25 
Average Filling Rate (L/s) 0.51 0.58 0.62 0.67 0.85 0.79 0.92 
 
Time Period:    7 Pm  9 Pm 
Start Time 07:01 07:15 07:28 07:40 07:51 08:01 08:14 
End Time 07:14 07:27 07:40 07:50 08:01 08:12 08:23 
Time Duration (min:sec) 12:29 11:44 11:12 09:56 09:35 10:20 08:41 
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Table 6.7: Filling rate measurements  Stage 3. 
Day: Thursday Date: 14/5/2009 
Angle between main and dipping truss: 120 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 08:06 08:23 08:39 08:54 09:08 09:22 09:36 
End Time 08:22 08:38 08:53 09:08 09:21 09:36 09:49 
Time Duration (min:sec) 15:32 14:20 13:42 13:21 12:44 13:11 12:17 
Average Filling Rate (L/s) 0.32 0.35 0.37 0.38 0.39 0.38 0.41 
 
Time Period:    10 Am  1 Pm 
Start Time 12:41 12:53 01:03 01:14 01:23 01:33 01:42 
End Time 12:52 01:02 01:13 01:23 01:32 01:41 01:50 
Time Duration (min:sec) 10:24* 09:56* 09:05* 08:34 08:48 07:12 07:39 
Average Filling Rate (L/s) 0.48 0.51 0.55 0.58 0.57 0.69 0.65 
 
Time Period:    3 Pm  5 Pm 
Start Time 03:02 03:16 03:28 03:40 03:51 04:03 04:13 
End Time 03:15 03:27 03:39 03:50 04:00 04:12 04:22 
Time Duration (min:sec) 12:32 10:29 10:49 09:27 09:03 08:23 08:27 
Average Filling Rate (L/s) 0.4 0.48 0.46 0.53 0.55 0.6 0.59 
 
Time Period:    7 Pm  9 Pm 
Start Time 07:00 07:16 07:30 07:43 07:57 08:09 08:20 
End Time 07:15 07:29 07:42 07:55 08:08 08:19 08:31 
Time Duration (min:sec) 14:28 12:10 11:25 11:53 10:21 10:05 10:40 
Average Filling Rate (L/s) 0.35 0.41 0.44 0.42 0.48 0.5 0.47 
 
* Pressure Readings also taken. 
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Table 6.8: Filling rate measurements  Stage 3. 
Day: Friday Date: 15/5/2009 
Angle between main and dipping truss: 120 degree 
Fixed Joint between dipping and floater 
Volume Filled: 300 liters 
 
Time Period:    8 Am  10 Am 
Start Time 08:21 08:35 08:50 09:02 09:17 09:30 09:42 
End Time 08:35 08:48 09:02 09:15 09:30 09:42 10:00 
Time Duration (min:sec) 13:02 12:45 11:27 12:08 12:52 11:16 12:31 
Average Filling Rate (L/s) 0.38 0.39 0.44 0.41 0.39 0.44 0.4 
 
Time Period:    10 Am  1 Pm 
Start Time 11:00 11:13 11:24 11:35 11:46 11:58 12:08 
End Time 11:12 11:24 11:34 11:46 11:55 12:08 12:17 
Time Duration (min:sec) 11:43 10:21 09:19 10:10 08:43 09:26 08:39 
Average Filling Rate (L/s) 0.43 0.48 0.54 0.49 0.57 0.53 0.58 
 
Time Period:    3 Pm  5 Pm 
Start Time 04:15 04:23 04:28 04:34 04:40 04:46 04:52 
End Time 04:20 04:28 04:33 04:39 04:46 04:51 04:58 
Time Duration (min:sec) 04:45 04:22 04:30 04:46 05:10 04:39 05:08 
Average Filling Rate (L/s) 1.05 1.15 1.11 1.05 0.97 1.08 0.97 
 
Time Period:    7 Pm  9 Pm 
Start Time 07:05 07:16 07:24 07:35 07:45 07:54 08:03 
End Time 07:15 07:24 07:33 07:45 07:54 08:02 08:11 
Time Duration (min:sec) 09:53 07:48 08:32 09:11 08:21 07:43 07:23 
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6.1.3.B Pressure Readings: total of 300 readings from three different experiments were    
taken; see Tables 6.9  6.11. These readings were made on Tuesday, 
14/5/2009, with dipping-main arms angle = 120 degrees (fixed joint); 
associated to measurements indicated in Table 6.7.  













1 1.6 42 2.4 83 1.4 
2 1.6 43 2 84 1.9 
3 1.3 44 1.4 85 1.7 
4 1.7 45 1.7 86 2 
5 1.6 46 2 87 1.7 
6 2.2 47 1.9 88 1.2 
7 2 48 1.7 89 1.9 
8 1.2 49 1.3 90 1.9 
9 1.9 50 2 91 1.7 
10 1.8 51 1.8 92 2.5 
11 1.4 52 1.5 93 1.3 
12 2.1 53 1.4 94 2 
13 2.5 54 1.8 95 2.5 
14 3 55 2 96 2 
15 1.3 56 1.3 97 1.4 
16 1.6 57 1.8 98 1.7 
17 1.7 58 2 99 2.2 
18 1.6 59 2 100 1.3 
19 1.2 60 1.6 101 1.7 
20 2 61 1.3 102 1.8 
21 1.6 62 1.6 103 1.7 
22 1.7 63 1.9 104 1.3 
23 1.5 64 1.5 105 2 
24 1.6 65 1.3 106 1.9 
25 1.6 66 2 107 1.8 
26 1.5 67 1.6 108 2 
27 1.5 68 2.2 109 1.4 
28 1.4 69 1.4 110 1.7 
29 1.5 70 2 111 1.6 
30 1.5 71 2 112 2.3 
31 1.2 72 1.9 113 2 
32 1.6 73 1.7 114 1.8 
33 1.5 74 1.6 115 1.4 
34 1.7 75 1.7 116 2 
35 1.8 76 1.3 117 1.3 
36 1.3 77 2.3 118 2 
37 2.9 78 1.4 119 2.1 
38 2.2 79 1.8 120 2 
39 1.3 80 1.8 121 1.8 
40 1.8 81 1.9   
41 2 82 2   
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1 1.7 42 1.6 83 2 
2 1.8 43 1.4 84 2.3 
3 1.6 44 1.8 85 1.2 
4 1.6 45 1.7 86 1.7 
5 1.4 46 1.6 87 2.1 
6 1.9 47 2 88 1.6 
7 2 48 2 89 1.3 
8 1.9 49 1.3 90 1.7 
9 2 50 1.8 91 2.1 
10 1.8 51 2 92 2.4 
11 1.4 52 1.9 93 1.4 
12 1.9 53 1.2 94 2 
13 1.6 54 2.4 95 1.7 
14 1.9 55 2.2 96 1.9 
15 1.7 56 1.8 97 1.8 
16 2 57 2.3 98 1.3 
17 1.3 58 2 99 1.8 
18 2.3 59 1.3 100 1.9 
19 1.8 60 1.9 101 1.7 
20 1.4 61 2.1 102 1.7 
21 2.7 62 1.2 103 1.3 
22 2.2 63 1.7 104 2.1 
23 1.8 64 1.8 105 2.1 
24 1.2 65 2.5 106 1.3 
25 2 66 2.2 107 1.8 
26 1.7 67 2 108 2.3 
27 1.6 68 1.4 109 2.8 
28 1.3 69 2.6 110 2.2 
29 2 70 1.8 111 1.2 
30 1.8 71 1.3 112 1.8 
31 2.7 72 1.7 113 2 
32 1.5 73 2 114 1.4 
33 2.4 74 2.4 115 1.7 
34 2.2 75 1.4 116 1.8 
35 1.3 76 1.9 117 2.1 
36 1.8 77 2.6 118 2.5 
37 2.2 78 2.3 119 1.3 
38 2.4 79 2 120 2.8 
39 1.3 80 1.3 121 2.2 
40 1.9 81 1.8 122 2 
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1 1.9 49 1.2 97 1.3 
2 2.6 50 1.9 98 2 
3 1.4 51 1.7 99 1.8 
4 2.3 52 1.7 100 1.2 
5 2 53 1.4 101 1.7 
6 1.2 54 1.5 102 1.4 
7 1.9 55 1.5 103 1.9 
8 2.1 56 1.3 104 1.7 
9 1.8 57 2.1 105 1.3 
10 1.3 58 2.6 106 1.8 
11 1.7 59 2.4 107 2 
12 1.8 60 1.2 108 2.6 
13 1.6 61 2.2 109 1.4 
14 1.1 62 1.9 110 2.4 
15 1.7 63 2.1 111 1.9 
16 1.9 64 2.3 112 2.2 
17 1.4 65 1.3 113 1.3 
18 2 66 1.9 114 2 
19 1.8 67 1.7 115 2.1 
20 2.3 68 1.3 116 1.9 
21 2 69 1.7 117 1.8 
22 1.3 70 2 118 1.7 
23 1.7 71 2.1 119 1.9 
24 1.6 72 1.3 120 1.2 
25 1.3 73 1.9 121 2.1 
26 1.8 74 2.3 122 1.2 
27 2.2 75 1.4 123 2.3 
28 2.8 76 2.4 124 2.7 
29 2.4 77 1.9 125 2.4 
30 1.4 78 1.8 126 2.1 
31 1.9 79 1.4 127 1.3 
32 1.7 80 1.6 128 2.4 
33 1.3 81 1.7 129 1.9 
34 1.8 82 2.2 130 1.7 
35 2.1 83 1.3 131 1.3 
36 1.7 84 2.6 132 1.8 
37 1.4 85 2.1 133 1.6 
38 2 86 1.9 134 1.7 
39 1.9 87 1.2 135 1.4 
40 1.8 88 2.4 136 2 
41 1.7 89 2.2 137 2.2 
42 1.4 90 1.9 138 1.3 
43 1.6 91 1.3 139 1.8 
44 1.4 92 1.8 140 2.1 
45 1.6 93 1.7 141 1.7 
46 2.3 94 1.8 142 1.6 
47 2 95 2.1   
48 2.1 96 2.4   
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6.1.3.C Stroke Readings: movie clips for the stroke indicator from two different 
experiments were videotaped, and then significant positions (clear position 
differential) were recorded using a special movie-authoring program (ULead 
vr.9). Table 6.12 tabulates 107 values for one of the experiments. Recall that 
the scale was attached at a vertical bar which is 1.2 m far from the hinge and 
0.2 m from the piston rod (Fig. 6.1). Therefore, readings obtained are 
multiplied by the factor (1*(1/1.2)) = 0.8333. 
  
Figure 6.1: Dimensions of the model. 













2 6.64 155 3.32 296 2.49 
7 6.64 160 6.64 298 4.98 
12 5.81 164 4.98 304 4.15 
17 4.15 166 3.32 308 5.81 
22 3.32 168 4.15 311 4.15 
25 4.98 171 3.32 318 4.15 
27 2.49 177 2.49 322 1.66 
30 2.49 181 1.66 327 4.15 
36 2.49 184 4.15 331 5.81 
42 2.49 187 4.15 334 4.15 
47 6.64 192 1.66 338 4.15 
Hinge 
Stroke scale 
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51 3.32 195 1.66 340 3.32 
56 3.32 201 4.15 343 6.64 
59 4.15 205 1.66 348 5.81 
62 4.15 207 4.98 353 6.64 
67 6.64 209 3.32 359 4.98 
71 2.49 211 3.32 364 3.32 
76 4.15 216 7.47 369 2.49 
79 4.98 220 2.49 372 2.49 
83 3.32 222 7.47 380 3.32 
85 2.49 227 4.98 383 4.98 
91 3.32 231 4.15 388 7.47 
97 7.47 234 5.81 393 8.3 
102 6.64 238 3.32 397 11.62 
105 3.32 243 2.49 401 4.98 
108 4.15 247 9.13 407 5.81 
110 1.66 252 9.13 411 6.64 
112 4.98 255 4.98 416 4.15 
117 4.98 260 4.15 421 4.98 
121 4.98 267 2.49 426 5.81 
127 5.81 270 4.15 432 7.47 
132 6.64 275 3.32 437 7.47 
136 4.15 279 2.49 442 8.3 
141 6.64 281 4.98 448 6.64 
146 4.98 287 4.15 454 4.98 
150 4.98 290 3.32   
 
Note that the total stroke distance traveled equals to 495.51cm. 
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6.2  Data Analysis 
There are many factors that affect the amount of water being pumped and hence 
the efficiency of the conversion device. Some of these factors are: the overall 
configuration and dimensions, sea level, wave (wind) speed and direction, quality of 
materials used, the precision of fabrication, and the correct assembling of the 
components. The effects of such factors will be disclosed within the following 
discussion of analysis.  
6.2.1  Filling-Rate Analysis 
The following discussions summarize the filling-rate results: 
 On-Shore Experiments - Stage 1 (Friday 19/12/2008): the experiments indicated 
that pumping up water to a head greater than 15 m is quit possible. 
 On-Shore Experiments - Stage 2 (Wednesday 22/4/2009): the experiments 
illustrate the following (see Table 6.1): 
a) The maximum "average filling rate" = 0.64 L/s: 
average filling rate = water volume / duration time = 
         = 300 L / (7min *60 + 50 sec) = 0.64 L/s 
this reading was recorded in the time period (10Am - 1Pm);. 
b) The minimum "average filling rate" = 0.38 L/s, this reading was recorded 
between in the time period (7 PM-9 PM). 
c) Determining the mean of  "average filling rate" for each interval; see next table 
6.13: 
Table 6.13: mean values of "average filling rate" - 22/4/2009 (Table 6.1) 
Time interval (hour) Mean "average filling rate"  (L/s) 
8 AM -10 AM 0.53 
10 AM - 1 PM 0.51 
3 PM  5 PM 0.55 
7 PM  9 PM 0.43 
So, it can be noticed that the best time period for filling was between 3 PM-
5PM, on that day. It is recorded that the average wave height for this day = 20 
cm.[36]  
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Figure 6.2 shows the max., mean, and min. values of "average filling rate" 
according to Tables 6.1 and 6.13. 
 
Figure 6.2: Max., Mean, & Min. Avarage filling rate" in 22/4/2009. 
 On-Shore Experiments - Stage 3 (Saturday 9/5/2009): the experiments illustrated 
the following (see Table 6.2  free joint): 
Figure 6.3 shows the max., mean, and min. values of "average filling rate" 
according to Table 6.2. 
 
Figure 6.3: Max., Mean, & Min. Avarage filling rate" in 9/5/2009. 
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It can be noticed that there are not significant variations between the means for 
the different time intervals. Actually all readings are low, because the average wave 
height was low for that day.  A very low sea level for that day was recorded.  
 On-Shore Experiments - Stage 3 (Sunday 10/5/2009  Friday 15/5/2009): the 
experiments illustrated the following (see Table 6.3  Table 6.8 - Fixed joint): 
Figures 6.4 through 6.9 show the max., mean, and min. values of "average 
filling rate" according to Tables 6.3 through 6.8, respectively. 
 
Figure 6.4: Max., Mean, & Min. Avarage filling rate" in 10/5/2009. 
 
Figure 6.5: Max., Mean, & Min. Avarage filling rate" in 11/5/2009. 
       CHAPTER 6 Measurements and Analysis 
 





Figure 6.6: Max., Mean, & Min. Avarage filling rate" in 12/5/2009. 
 
 
Figure 6.7: Max., Mean, & Min. Avarage filling rate" on 13/5/2009. 
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Figure 6.8: Max., Mean, & Min. Avarage filling rate" on 14/5/2009. 
 
Figure 6.9: Max., Mean, & Min. Avarage filling rate" on 15/5/2009. 
A thorough examinations of the figures 6.2-6.9 ( about 224 experiments:  8 days; 
4 time intervals, about 7 measurements) indicates that mean "average filling rate" is 
between 0.54L/s and 0.63 L/s for the periods 10AM-1PM and 3PM-5PM, respectively. 
Actually Figure 6.10 depicts the mean for all measurements (over 6 days) for each given 
time interval.   





Figure 6.10: Mean "average filling rate" for time intervals (6 days  fixed joint) 
Furthermore, it should be noticed that measurements taken with fixed floater 
(Tables 6.3-6.8) clearly higher readings than that with free floater (Table 6.2) for the 
same new configuration.  
6.2.2  Pressure Readings Analysis 
From Tables 6.9 - 6.11, the highest pressure value was = 3 bars, and the lowest 
value was = 1.1 bar. Readings with values less than 1.5 bar do not contribute to filling 
rates since water will not rise over 15 m. 
Table 6.14 shows the min., max, and average pressures for each of the three 







The Pressure values of Experiment no. 2 (Table 6.12) are plotted in Figure 
6.11; indicating some wave characteristics of the Gaza Sea. Notice the average 
pressure here is 1.85. This means on the average we have enough pumping force to 
overcome the 15 m head.  
Experiment no. min(bar) max(bar) Average pressure (bar) 
1 1.2 3 1.75 
2 1.2 2.8 1.85 
3 1.1 2.8 1.81 





Figure 6.11: Pressure with time in reading (2). 
6.2.3 Stroke Readings Analysis 
1) Wave height: The stroke readings recorded in Table 6.14 were transferred to the 
center of the floater using distance shown in Figure 6.12, so to get approximate values 
for the wave height. 
 





















2 35.0 155 17.5 296 13.1 
7 35.0 160 35.0 298 26.3 
12 30.6 164 26.3 304 21.9 
17 21.9 166 17.5 308 30.6 
22 17.5 168 21.9 311 21.9 
25 26.3 171 17.5 318 21.9 
27 13.1 177 13.1 322 8.8 
30 13.1 181 8.8 327 21.9 
36 13.1 184 21.9 331 30.6 
42 13.1 187 21.9 334 21.9 
47 35.0 192 8.8 338 21.9 
51 17.5 195 8.8 340 17.5 
56 17.5 201 21.9 343 35.0 
59 21.9 205 8.8 348 30.6 
62 21.9 207 26.3 353 35.0 
67 35.0 209 17.5 359 26.3 
71 13.1 211 17.5 364 17.5 
76 21.9 216 39.4 369 13.1 
79 26.3 220 13.1 372 13.1 
83 17.5 222 39.4 380 17.5 
85 13.1 227 26.3 383 26.3 
91 17.5 231 21.9 388 39.4 
97 39.4 234 30.6 393 43.8 
102 35.0 238 17.5 397 61.3 
105 17.5 243 13.1 401 26.3 
108 21.9 247 48.1 407 30.6 
110 8.8 252 48.1 411 35.0 
112 26.3 255 26.3 416 21.9 
117 26.3 260 21.9 421 26.3 
121 26.3 267 13.1 426 30.6 
127 30.6 270 21.9 432 39.4 
132 35.0 275 17.5 437 39.4 
136 21.9 279 13.1 442 43.8 
141 35.0 281 26.3 448 35.0 
146 26.3 287 21.9 454 26.3 
150 26.3 290 17.5     
 
From this Table 6.15 we observe that the  max. wave height = 61.3cm, min. 
wave height = 8.8 cm, and the mean wave height = 24.4cm. Correspondingly, max. 
stroke = 11.7 cm, min stroke =1.7 cm; and average stroke = 4.7 cm.  





Figure 6.13: Gaza sea wave height. 
Figure 6.13 shows the mean wave height over a small portion (36 s) of the 
readings in Table 6.15 showing the strong oscillatory-motion type of waves, as well.  
2) Device Efficiency: 
From table (6.12) we recall that the total distance traveled by the piston stroke 
was calculated (for time duration 7.34 s) to be: 
The total stroke motion in 7.34 min = 495.51cm. 
So the whole volume of sea water that was sucked (entered the piston)   
     = Area of piston × Total stroke motion  
     = 4.9551× 0 .15 × 0.15 × 3.14 = 350.1 liters. 
Therefore,  
      Device Efficiency =  (actual Volume pumped  / Volume being sucked)  












6.2.4 Power Production Analysis 
For the sake of power calculations and future expectations, the values in Fig. 
6.10 are reproduced in Table 6.16. 
Table 6.16: Mean average filling rate. 
Time interval (hour) Mean "average filling rate"  (L/s) 
8 AM -10 AM 0.39 
10 AM - 1 PM 0.54 
3 PM  5 PM 0.63 
7 PM  9 PM 0.47 
 
Numbers in Table 6.16 may be of great significance as follows: 
a)   Water Volume pumped by the device (Dp=30cm) per day (8AM  9PM)   
= (2 hr*0.39 +3 hr*0.54+2hr*0.63+2hr*0.58+2hr*0.55+ 2hr*0.47)*60min*60sec  
       = 24696 Liters/day          (6.1) 
b) To appreciate this flow, consider the following scenario: 
Say that it is desired to provide power for street-light posts over 5 km distance (35 m 
apart) using 150 Wh-lamp for 5 hrs daily, therefore 
Power required per year for one lamp = 150 Wh*5hrs*30days*12months/1000  
         = 270  kWh /year     (6.2) 
Recall Equation 4.2 (see 4.5.1)  
               eE  = g  t  1000  3600
 H Q g D r

      Kwh/year     
 
And substitute the values 
Ee = 270 kWh/year    
D=025 kg/m³ for sea water, 
g = 9.81 m/s², 
H = 15m, 
t = 0.85 and g

= 0.95 
  then,  
  Qr = 7980.67 m
3/year         or  
Required water volume per day = 22168.540 Liters/day   (6.3) 




Comparing numbers in equations (6.1) and (6.3) we conclude that the present 
device (Dp=30 cm) can provide power for one street lamp for 5 hrs and a bit more. But 
this is not the end of the story. 
 
c) Keeping the average stroke constant by adjusting dimensions and weights of the  
device components, similar calculations for Dpiston = 50 cm, and Dpiston = 100 cm 
are shown in the next table:  
Table 6.17: Relationship between Dpistons and water vol. per day. 
Diameter of piston 
(cm) 
Water volume per day by 
Device (Liters) 
Number of street lamps 
per device 
30 24696 1.114 
50 68600 3.094 
100 274400 12.378 
 
So to cover 5 km distance with posts (lamps) being 35 m apart, using Dp=100 
cm, then  
    number of devices needed = (5000 m /35 m)/12.378 =  11.541 devices.  
Therefore 12 devices with Dp =100 cm are needed to light 5 km distance using  
150 Wh-lamps for 5 hrs daily . Nevertheless, we can design our trusses so to press two 
pistons, i.e.; use 6 devices but each with two pistons, of course, with adjusting the 
dimensions and weights accordingly.   
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7.1  Obstacles 
The following difficulties were encountered: 
 Since wave energy, as a renewable energy, is a new field (about 30 yrs old), 
there was a lack of literatures and few published books are available. 
Consequently, most references used are Websites. 
 Because the project is uncommon experimental project, it took sometime to well 
define the different components of the project.  
 Due to the cruel siege imposed on Gaza Strip, it was very difficult to obtain the 
appropriate materials; hence, inefficient materials had to be used (sec. 5.2 - 5.5). 
 High cost of materials whenever available.  
 Not too many choices were available as site location for the experiments. 
 Low base-support (the rock in water) resulted in painful maintenance efforts. 
 The experiment time schedule was interrupted many times due to:  
a) Forqan war, and 
b) Weak and slow manual crane that did not help saving the device whenever 
the waves became very high. 
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 The lack of institutions that would financially support new ideas and 
intelligently promote uncommon thoughts. 
7.2  Achievements and Conclusions 
The main achievements and conclusions drawn from the current research can be 
summarized as follows: 
1. A major component of energy conversion system (shoreline wave conversion 
device) is analyzed, designed, built, and tested in workshop and at shoreline. 
2. Modifications to the device were introduced whenever needed. 
3. Contrary to most recent conversion devices (using either kinetic or potential, see 
ch 3), the present device is used to convert kinetic and potential energies of 
waves to potential energy as the water is stored in an elevated reservoir with 15 
m head. 
4. According to the results and analysis in chapter 6, 12 devices with Dp =100 cm 
are needed to light 5 km distance using  150 Wh-lamps for 5 hrs daily .  
5. Stroke readings (section 6.2.3) indicated that a piston with maximum stroke 
distance of 15 cm is adequate. Consequently short, and hence, wider piston 
should used. This will give more freedom to displace the piston and hence 
provide more device stability. 
6. Despite of the unsuitability of material used and imprecision of fabrication, the 
efficiency of the piston (hence the device), as calculated in sec. 6.2.3, is 85.7%. 
7. Pressure readings indicated that on the average (1.85 bar) we have enough 
pumping force to overcome the 15 m head and a bit more. 
8. To overcome any dynamic failure one should use cross sections with 
bending capability 5 times that obtained from static analysis (in bending) 
for the same cross section. 
9. In addition to its high hardness, fiberglass (used in local ship fabrication) has 
shown a great resistance to erosion that could be caused by the salty water of 
sea.  
10. Most devices convert ocean energy to electricity directly, however, the present 
device may store energy to be used whenever need. 
11. Civil engineers can be involved in projects other than just typical civil 
engineering applications. 
Wave energy is a wide open research field. No specific model yet is the best 
model. Our project represents a new idea. Our project is a starting point. It is a first step 
in the field of wave energy at the Islamic University. We will never claim to provide 




       CHAPTER 7 Difficulties Encountered, Conclusions and Recommendations 
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7.3  Recommendations 
Some of the recommendations that we encourage to be adopted are listed below: 
1. Some configuration enhancements may produce more efficient device: longer 
main arm, longer dipping arm, stronger base, larger floater size, larger piston 
diameter and shorter stroke are to name few. 
2. More on-shore tests and longer testing schedule are recommended to understand 
the correlation between the different parameters: water filling rates, heads, 
device efficiency, device configuration, wave characteristics, and so on. 
3. Better site location, anchorage (berth, dock), and higher base-support should 
be designed and built to facilitate installation and maintenance.  
4. Use free 2D rotation joint (ball and socket) between dipping arm and floater to 
reduce the effects of wave lateral forces.  
5. Stronger joint fixations to improve device stability.  
6. The second phase of the project (turbine, generator, and electricity production) 
should be planed and implemented. 
7. Wave energy is a valid form of renewable energy. It is clean and should be 
investigated whenever we live closer to any source of waves. Therefore, 
encouraging fund-raising to financially support research of renewable energy is 
recommended. 
8. Projects with energy conversion and energy management require different types 
of engineers: civil engineer, mechanical engineer, electrical/power engineer, 
industrial/management engineers, and so on. Therefore, students with different 
backgrounds should be permitted to bring their special knowledge, experience, 
and skills to work in joint projects.  
9. Graduate projects should be geared towards our national needs: renewable 
energies, small industry manufacturing, and material recycling. This will help to 
create an independent economy. 
10. It is recommended that the Engineering Department IUG to give more 
consideration to teaching marine structure and wave energy. Specially, we live 
on a coastal area. 
11. Government involvement and contribution are needed to promote big ideas 
and support research of national interest. 
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Presents a brief and jagged dynamic analysis of motion for the different 
components to check the kinematics of the components as well as the whole device, and 
then to find the maximum dynamic forces (all connections were assumed frictionless).     
A.1  Kinematics [37] 
A.1.1  Definition 
Is the branch of dynamics which describes the motion of bodies without 
reference to the forces which either cause the motion or are generated as a result of 
motion . It's often described as the "geometry of motion". 
 A.1.2  Kinematics Parameters 
 
Figure A.1: Device free diagram. 
 





V: combined velocity m/s  
a: acceleration m/s2  
w:angular velocity rad/s  
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A.1.3  Calculate Combined Velocity: 
 
 

























































































Table A.2: Angular velocity. 
è â WAB (rad/s) WOB (rad/s) 
40 0 -2.800 0.89 
90 8.577 -1.800 0 
 
V m/s 2.7 
LAB m 1.5 
LOB m 3.6 
CCW + 
sign for  W & á 
CW - 
assume high of wave  Y m 0 




Table A.3: Center velocity 
è â VG1 i VG1 j VG1(m/s) VG2 i VG2 j VG2  (m/s) 
40 0 -1.350 1.610 2.100 0.000 1.600 1.600 
90 8.577 -1.350 0.000 1.350 0.000 0.000 0.000 
 
Table A.4: Angular acceleration. 
è â áOB (rad/s
2) áAB (rad/s
2) 
40 0 -6.040 12.33 
90 8.577 -1.370 -0.490 
 
Table A.5: Center acceleration. 
è â aG1 i aG1 j aG1 (m/s
2) aG2 i aG2 j aG2 (m/s
2) 
40 0 -1.44 -10.86 10.96 -1.44 -10.86 10.96 
90 8.577 0.37 -2.43 2.46 0.37 -2.43 2.46 
 
A.2  Kinetics [37] 
A.2.1  Definition 
Is the study of the relations between unbalanced forces and the resulting 
changing in motion.  
A.2.2 Mass Moment of Inertia (kg m2):  
A. It's a measure of an object's resistance to changes in its rotation rate. A 
simple definition of the moment of inertia of any objects given by: 
 
Where 
'dm' is the mass of an infinitesimally small part of the body. 
and r is the (perpendicular) distance of the point mass to the axis of rotation. 




















B. The Parallel Axis Theorem 
The moment of inertia about a new axis z is given by 
2mdII barg   
Where, 
Ibar: denote the moment of inertia of the object about its centre of mass 
m : the object's mass  
 d : the perpendicular distance between the two axes 
 
A.2.3  Kinetics Parameters: 








Figure A.3: Dipping arm forces. 





















































Figure A.4: Main arm forces. 
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A.3  Calculations 
A.3.1   Mass Moment of Inertia 
 
Table A.6: Mass Moment of Inertia (I). 
 



















A.3.2  Moving Dipping Arm: [9] [37] 
a) Check Dipping Arm Movement: 









































































 Required Force To Move:  
Table A.8: Input Data. 
Mass Moment of Inertia  (dipping) kg.m2 Id 10.97 
Mass Moment of Inertia (Main)    kg.m2 Im 149.66 
Mass of Dipping Arm                     kg md 53 
Mass of Main Arm                          kg mm 128 
Floater  Mass                                   kg mf 160 
Sea Water Density                          kg/m3  1025 
Floater Surface  Area                     m2 Af 2.72 
Estimated submerge depth            cm hf 10 
 




    
Table A.9: Minimum Required Force to move. 
Dipping 
è â Fy(1) (N) Fy(2) (N) an Fx(1) (N) Fx(2) (N) 
40 0 1167.942 1223.773 -9.246 1323.035 1246.82 
90 8.577 1167.942 776.802 0.367 -9.620 9.806 
 
The minimum force need to make dipping arm to move is Fmin = 1.3KN  
      Wave force acting    Fw= 4.7KN 
      Since Fw > Fmin, so the dipping arm will moved. 
 
b) Calculate The Maximum External Forces: 






f y1  
Figure A.5: Dipping arm external forces. 
 
Table A.10: Maximum external forces in dipping arm. 
Dipping  
è â Fy(1) (N) Fy(2) (N) an Fx(1) (N) Fx(2) (N) 
40 0 1167.942 1223.773 -9.246 4700 4623.784 










Figure A.6: Main arm external forces. 
 






From above table the maximum external forces on dipping and main arms are 
obtained, as shown in figures A.7 and A.8 
 
                       Figure A.7: Maximum external forces in dipping arm. 
 
                      Figure A.8: Maximum external forces in main arm. 
 
Mean 
è â Ox (N) an Fpiston (N) Oy (N) 
40 0 4439.717 -10.863 -5551.492 -4192.883 
90 8.577 4778.072 -2.458 -3878.232 -4046.07 











Presents a brief and jagged strength analysis for both main and dipping arms 
using maximum forces obtained in Appendix A. 
B.1  Calculate Internal Forces:- [38] 
a) Dipping Truss: 
 










Member (ef) is zero force members: 
Joint (D) 
 
              






                                                     Fig B.3: Joint C. 
 
                   
 
Figure B.4: Maximum Internal Forces in Dipping Arm. 
b) Main Truss: 
 

































































                                                                 Figure B.6: Joint (1). 
 
Joint (4):                                                                
 
 












































































































Joint (16):  
               
 
 
                      Figure B.10: Joint (16).  
 
Maximum Internal Force: 
 For vertical parts f= 2096.442N   (C). 
 For horizontal member: 
1- Up member     f= 8886.015N (C). 
2- Down member f= 9458.995N (T). 






























B.2  Check Steel Strength:- [38] 
Stainless steel own strength   
Fy =310 MPa. 
Fu=485 MPa. 
B.2.1  Tension Members: 













































































According to previous analysis tension members are satisfactory.  




B.2.2  For Compression Members: 
MPaEmNE 205000/10*205 29   




                            Figure B.11: large pipe diameter.    
 
 
So, we can say that: 
 
Since as (L) is decreased (Fcr) is increased, so any member with D=7cm and 






























































































































b) For Small Diameter Pipe: 
 
          
 
                      Figure B.12: small pipe diameter.    
 









































































B.3  Base Strength:- [38] 
let type steel is A36 steel, and   
Fy  = 248 MPa. 
Fu = 413 MPa. 
The moment and forces found at base section was 
 Mu = 9.6KN.m, for two rod, Mu = 4.8KN.m 
 Fu = 3.74KN, for two rod, Fu = 1.87KN 
  
B..3.1  C-channel (4cm×8cm), thickness = 6mm: 
a) For Moment Check: 
Mn =Fy.Z 
Z = (A/2).a 
y = ∑Ay/∑A = (2.4×4.3+2.4×2)/(2.4+2.4) = 3.15cm 
a = 2y = 6.3cm 
Mn = 248×106 × (4.8/2) × 6.3×10-6 = 5.75KN.m 
Ø Mn =0.9 × 5.75 = 5.175KN.m ≥ Mu 
Factor Of Safety = 5.75/4.8 = 1.2 
b) For Shear Check: 
h = d - tw = 8  0.6 = 7.4cm 
h/tw = 12.33 
2.45√(E/Fy) = 2.45√(20500/248) = 70.4≥ 7.4 So, 
Vn = 0.6 × Fy × Aw 
Aw = d × tw = 4.8 cm
2 
Vn = 0.6 × 248×106 × 4.8×10-4 = 71.424KN 
Ø Vn = 0.9 × 71.42 = 64.278KN ≥ Vu 




B.3.2  Box-section (15cm×15cm), thickness = 8mm: 
a) For Moment Check: 
Mn =Fy.Z 
Z = (A/2).a 
y = ∑Ay/∑A = (12×7.9+6×3.75)/(12+6) = 6.517cm 
a = 2y = 13.034cm 
Mn = 248×106 × (18/2) × 13.034×10-6 = 29.09KN.m 
Ø Mn =0.9 × 29.09 = 26.181KN.m ≥ Mu 
Factor Of Safety = 26.18/4.8 = 5.45 
b) For Shear Check: 
h = d - tw = 15  0.8 = 14.2cm 
h/tw = 17.75 
2.45√(E/Fy) = 2.45√(20500/248) = 70.4≥ 17.75 So, 
Vn = 0.6 × Fy × Aw 
Aw = d × tw = 24 cm
2 
Vn = 0.6 × 248×106 × 24×10-4 = 357.12KN 
Ø Vn = 0.9 × 357.12 = 321.408KN ≥ Vu 
 
According to previous analysis Base of device are satisfactory.  
